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Growth and magnetism of Co nanometer-scale dots squarely arranged
on a Cu„001…-c„2Ã2…N surface

F. Komori,* K. D. Lee,* ,† K. Nakatsuji, T. Iimori, and Y. Q. Cai* ,‡

Institute for Solid State Physics, University of Tokyo, Kashiwa-shi, Chiba 277-8581, Japan
~Received 5 August 2000; revised manuscript received 27 November 2000; published 14 May 2001!

We have studied the growth and magnetism of two-dimensionally coupled nanometer-scale Co dots which
are squarely arranged on a Cu(001)-c(232)N surface. The morphology was analyzed by scanning tunneling
microscopy, and the magnetization was studied using the magneto-optical Kerr effect. Well-ordered arrays of
two monolayer~ML ! thick Co dots interconnected by narrow 1 ML thick Co films can be grown by adjusting
the deposited amount of Co. Here we used selective growth of Co at the clean Cu area of the surface, which
consists of 535 nm2 N-adsorbedc(232) patches separated by clean Cu lines of a few nm in width. The
observed ferromagnetism in these arrays is considered to be mediated by narrow monolayer thick Co films on
clean Cu lines. When the average thickness of Co exceeds 1.5 ML, 2 ML thick Co dots are connected with
each other, and 1 ML Co films grow on thec(232)N patches. For Co films with an average thickness between
1.8 ML and 2.1 ML, the magnetization is almost constant between 150 K and 370 K, and increases with
decreasing temperature from 150 K. This result suggests that polarization is induced in the 1 ML Co film on
c(232)N patches below 150 K.

DOI: 10.1103/PhysRevB.63.214420 PACS number~s!: 75.70.Ak
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I. INTRODUCTION

Thin ferromagnetic transition metals on normal met
have been intensively studied for an understanding of lo
dimensional magnetism. In these systems, magnetic lo
range order is established by increasing the nominal th
ness of the transition metals within a few atomic monolay
~ML’s !. For example, in Fe(110)/W(110),1 detailed mea-
surements of the surface morphology and the magnetic t
sition revealed that the ordering process is a two-dimensio
magnetic percolation. A similar mechanism for long-ran
order was proposed for Co/Cu~001!.2 For further study of the
magnetic interaction in nanometer-scale structures, howe
these random networks of magnetic islands are not suit
for macroscopic measurements of spatially averaged qu
ties because of inhomogeneities in the lateral size and
thickness of the magnetic islands. In order to study the s
and shape dependence of the magnetic interaction, contr
fabrication of ordered nanometer-scale structures is requ
Recently, equally spaced monoatomic steps and s
organized strain-relief patterns on metal surfaces have b
used as templates for the growth of one- and tw
dimensional nanostructures. In particular, the magnetic p
erties of Fe/Cu~111!,3 Fe/W~110!,4 and Co/Au~111! ~Ref. 5!
have been studied.

In the present article, we report on the growth and
magnetism of a square array of 2 ML thick Co dots on
nitrogen-modified Cu~001! surface. We used an ordere
structure reported by Leibsleet al.6 as the template. They
showed thatc(232)N square patches of 5 nm35 nm in
size can be arranged squarely on a clean Cu~001! surface
with a separation of a few nm by adjusting the amount of
It was considered7 that this surface is formed to relieve th
surface strain caused by the lattice mismatch between Cu
the c(232)N patches.

The growth of magnetic8–11and nonmagnetic12 metals has
0163-1829/2001/63~21!/214420~8!/$20.00 63 2144
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been studied on this surface previously. These metals g
selectively on the clean Cu part of the surface at the e
stage of the deposition at room temperature~RT!, although
the details of the growth are dependent on both the m
species and the morphology of the surface. In the case of9

1 or 2 ML thick isolated Ni islands grow selectively at th
crossings of the clean Cu lines. On the other hand, in
case of Co, all the Cu lines are covered with monolayer C
first,10,11and then bilayer Co islands are squarely arrange
the crossings and are interconnected with monolayer
strips.

We have studied the growth of Co at RT using scann
tunneling microscopy~STM!, and the magnetic propertie
using the surface magneto-optical Kerr effect~SMOKE!.
Among the magnetic transition metals on Cu~001! surfaces,
Co has the following advantages: The growth of Co on cle
Cu~001! is known to be simply epitaxial at least in the fir
several monolayers. Moreover, the magnetic properties h
been extensively studied. For example, the Curie tempera
of 2 ML thick Co on clean Cu~001! is higher than RT, and
monolayer Co has no magnetization down to 50 K.13 These
are useful for a discussion of the experimental results of
present system. On the basis of the observed morpholog
the squarely arranged dots, we discuss the magnetic pro
ties, especially the roles of monolayer Co films on the s
face. Preliminary results of the magnetic properties ha
been published in Ref. 14.

II. EXPERIMENT

A. STM observation

The growth of Co dots arrays was studied in an ultrah
vacuum ~UHV! using a scanning tunneling microscop
~Omicron, microSTM head! with a tungsten tip. The UHV
system consisted of a preparation chamber and an S
chamber separated by a gate valve. The latter was equip
©2001 The American Physical Society20-1
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with a four-grid low-energy electron diffraction~LEED! op-
tics ~OCI, BLD600!. The base pressure of both chambe
was better than 1310210 Torr. A clean surface of Cu~001!
was obtained by repeating Ar ion sputtering~500 eV! and
annealing at 970 K in the preparation chamber. Then
cleaned sample was transferred to the STM chamber.
confirmed the cleanness of the surface by Auger elec
spectroscopy~AES!, the structural order by a sharp 131
LEED pattern, and surface morphology by STM.

To prepare the nitrogen-modified surface, a clean Cu~001!
surface was bombarded by nitrogen ions of 500 eV, follow
by annealing at 600 K for typically 5 min in the preparatio
chamber. We monitored the ion current at the sample du
the N ion bombardment to adjust the amount of implan
nitrogen into the substrate. The regular arrangement
c(232)N square patches was confirmed by STM. We a
observed the correlation between the order of the arran
ment and a satellite structure around the integral LE
spots.14

In the STM chamber, Co deposition was made from
alumina crucible, around which a resistively heated tanta
wire was wound. We kept the substrate temperature at R
reduce intermixing of the deposited Co and the
substrate.15 The deposition rate was 0.1 ML/min as mon
tored by a quartz microbalance. The pressure during
deposition was less than 5310210 Torr. The average thick-
ness of Co was calibrated by estimating the amount of Co
the surface from the STM images. At the same time,
measured the intensity ratio of the CoLMM (716 eV) Au-
ger line to CuLMM (920 eV) line as a function of the av
erage thickness of Co on the surface.

STM images were taken with a constant-current mode
RT. The typical tunneling current was 1 nA, and the sam
bias voltage was 1 V. No correction was made to any dis
tion of the images in the present paper.

B. Magnetization measurements

The magnetic properties were measured by SMOKE
another UHV system consisting of a measurement cham
with a LEED optics~OCI, BLD600! and a preparation cham
ber. The base pressure of the chambers was better
2310210 Torr. The SMOKE signal was measuredin situ in
longitudinal and polar configurations withs-polarized light
from a He-Ne laser. Two pairs of Helmholtz coils for long
tudinal and polar configurations were placed in the cham
for this purpose. The fluence of the light was 5 mW/cm2. A
lock-in technique was employed by modulating the incid
light with a photoelastic modulator. During the SMOK
measurement, the sample temperature could be contro
between 90 K and 450 K. The temperature during the m
surement was monitored by a thermocouple attached to
side of the Cu crystal.

The Co nanostructures were prepared in the same wa
for the STM experiments except that the Co source wa
resistively heated W wire wrapped with a Co wire. To ens
the substrate morphology with a regular arrangement
c(232)N square patches, we utilized LEED patterns sho
ing the satellites around integer-ordered spots.14 The thick-
21442
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ness of Co was monitored by a quartz microbalance, wh
was calibrated by the measured Co/Cu Auger ratio. Here
use the relation between the Co/Cu Auger ratio and the
eraged Co thickness calibrated by the STM observation.
confirm the calibration, we measured the Curie tempera
(Tc) of Co films grown on a clean Cu~001! surface as a
function of the calibrated thickness. As in the literature,13 we
experimentally definedTc as the temperature at which th
remanence magnetization detected by SMOKE vanishes.
found that the values ofTc were consistent with those re
ported in this literature. The accuracy of the obtained
thickness is about 15% because of the uncertainty in
measured Auger ratio.

III. RESULTS AND DISCUSSION

A. Growth of Co dot array

Figure 1 shows typical STM images of a N-adsorb
Cu~001! surface for two different amounts of N. By adjus
ing the amount of N, we could obtain a regular and squ
arrangement ofc(232)N square patches as in Fig. 1~a!.
With increasing amount of adsorbed nitrogen, the cle
Cu~001! mesh lines separating thec(232)N patches be-
come narrower, and there appear trenches with monoato
layer depth as shown in Fig. 1~b!. These trenches are forme
to relieve the surface strain just as the grids of clean Cu lin
The small areas with square arrays ofc(232)N patches are
separated by trenches or steps on the surface. We note
the density of the steps increases after formation of
c(232)N patches. These features are consistent with a
vious report.7

The morphology of the N-adsorbed surface is depend
on annealing conditions. We found that the width of t
clean Cu lines becomes anisotropic by increasing the ann
ing temperature to 630 K while keeping the other conditio
unchanged. Figure 1~c! is an STM image of such a surface
In one small domain, the width of bright Cu lines along t
@100# direction is larger than that along the@010# direction,
whereas it is the opposite in the other domain. This surf
could be used as a possible template for the growth of o
dimensional magnets11 although it seems difficult to prepar
a single-domain surface for macroscopic measurements.

The growth of Co on the surface with a regular arrang
ment ofc(232)N patches is shown in Fig. 2. At the initia
stage of the deposition, single atomic layer Co grows se
tively on the clean Cu lines as in Fig. 2~a! when the width of
the line is larger than 1 nm. With increasing amount of d
posited Co on the surface, monolayer continuous Co li
are formed, and the second atomic layer grows selectivel
the crossings of the Cu lines as in Fig. 2~b!. Further deposi-
tion of Co results in a square arrangement of the bilayer
dots interconnected with monolayer strips as shown in F
2~c!. A schematic model for this film is given in Fig. 2~e!. At
this stage, a part of thec(232)N patches are covered wit
monolayer Co. These observations are consistent with pr
ous reports.10,11 When the average thickness of Co is larg
than 1.8 ML, most of the bilayer islands are connected w
one another. Furthermore, the third atomic layer is form
not always at the crossings of the clean Cu lines. At the sa
0-2
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GROWTH AND MAGNETISM OF Co NANOMETER-SCALE . . . PHYSICAL REVIEW B 63 214420
FIG. 1. STM images of nitrogen-adsorbed surfaces prepa
with three different conditions. Arrows indicate the positions
steps with the monoatomic height.~a! The surface with squarely
arrangedc(232)N patches~dark area! separated by clean Cu su
face~bright grids!. The nitrogen coverage of the surface is 0.3 M
on average.~b! The surface with square patches and monoato
height trenches. The density of Cu lines with subnanometer wid
is higher than that shown in~a!. The nitrogen coverage of the su
face is 0.4 ML on average.~c! The surface with anisotropic Cu
lines. The annealing temperature is higher than that in~a! and ~b!.
The nitrogen coverage of the surface is 0.2 ML on average.
21442
time, most of the N-adsorbed patches are covered with 1
Co film at first, and then the second ML is formed on it wi
an increased average thickness of Co. Consequently,
square arrangement of Co dots becomes disordered. An S
image of such a surface is shown in Fig. 2~d! for a film with
1.9 ML Co on average. A schematic drawing for the mo
phology of this film is given in Fig. 2~f!. Figure 3 shows an
STM image of 200 nm3200 nm for 1.3 ML Co. We ob-
serve a homogeneous arrangement of the Co dots and d
bution of monoatomic steps on the substrate.

For all surfaces with an average Co coverage of up t
ML, the LEED patterns were alwaysc(232) although the
sharpness of the spots became worse with increasing
thickness. This indicates that thec(232)N structure is
stable against Co deposition of a few ML thick, and that
growth is epitaxial with the substrate as in the case of
grown on a clean Cu~001!.

We note that there are at least three kinds of Co t
structures on the surface: 1 ML Co on clean Cu lines, 1 M
Co on c(232)N patches, and 2 ML Co dots. We will dis
cuss the result of the magnetization measurements by
sidering the magnetic properties of these components.

B. Magnetic properties

Figure 4~a! shows the evolution of hysteresis loops me
sured by longitudinal SMOKE at 95 K as the average
thickness is increased. In Fig. 4~b!, the magnitude of rema
nent magnetization is plotted as a function of the Co thi
ness. A magnetic field was applied in the plane along
@110# direction which is the easy axis of magnetization f
ultrathin Co films grown on a clean Cu~001! surface.13 Finite
remanence begins to appear in the hysteresis loops take
the 1.3 ML thick film. As the thickness is increased, t
magnitudes of the magnetization and the coercivity increa
Beyond 2.2 ML the loop exhibits a rectangular shape, imp
ing that the@110# direction is the easy axis of magnetizatio
However, below 2 ML, the loops deviate significantly fro
this easy axis behavior. The shapes of the hysteresis lo
were almost independent of the sweep rate between 40
sec and 2.5 Oe/sec. We could not detect any polar SMO
signal in the Co thickness range we investigated.

Figure 5 shows the temperature dependence of hyste
loops for the Co thickness of 1.3 ML~a!, 1.6 ML ~b!, and 1.8
ML ~c!. We define hereTr as the temperature at which th
remanence vanishes completely. The value ofTr lies around
160 K for 1.3 ML and 260 K for 1.6 ML. The transition wa
reversible because the same ferromagnetic Kerr loops c
be reproduced after cooling the sample again. For 1.8 M
the remanence persists up to 370 K, which indicates thaTr
is above that temperature. We did not try to measure the K
loops over 400 K because a significant intermixing of C
with Cu may change the magnetic properties.15 In Fig. 6, the
remanent magnetization as a function of temperature
shown for 1.6 ML and 1.8 ML. The remanence increas
below 150 K for the 1.8 ML Co film, in which the saturate
magnetization also increases below this temperature. Sim
increases of the magnetizations were observed for 1.9
and 2.1 ML.
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FIG. 2. STM images for Co grown on surfaces with squarely arrangedc(232)N patches~a!–~d! and the gray-scale schematic mode
~e! and~f! for the surfaces~c! and~d!, respectively. The average thicknesses of Co are~a! 0.2 ML, ~b! 0.8 ML, ~c!,~e! 1.4 ML, and~d!, ~f!
1.9 ML. Arrows indicate the positions of steps, and dotted lines in~e! and~f! the boundaries between thec(232)N patches and the clea
Cu~001! surfaces.
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For further discussion on our magnetic data we point
that remanence is neither a necessary nor a sufficient co
tion for ferromagnetism—that is, a long-range order char
terized by spontaneous magnetization. In the case of s
magnetic materials ferromagnetic order is not necessa
accompanied by a remanence (Tr,Tc in the present con-
text!, whereas ‘‘micromagnetic’’ effects such as superpa
magnetic blocking may yield a remanence in the syste
which are, in a strict sense, nonferromagnetic (Tr.Tc).

In Fig. 7, the change ofTr is plotted with increasing Co
thickness. The uncertainty in the Co thickness is shown
the point for 1.3 ML. The arrows pointing up and down f
21442
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1.2 ML and 1.9 ML mean that the correspondingTr is below
100 K and above 400 K, respectively. For comparison,
Tc for ultrathin Co films grown on a clean Cu~001! surface
reported by Schneideret al.13 and Bovensiepenet al.16 are
reproduced as dashed and solid lines, respectively. We
that the definition ofTc for Co films on clean Cu~001! is
experimentally the same as that ofTr for the present system

The measuredTr for Co on Cu(001)-c(232)N is found
to be higher thanTc for Co/Cu~001! with the same nomina
thickness within our experimental accuracy. This is ascrib
to the difference in the growth morphology of Co islands. O
the Cu(001)-c(232)N surface, bilayer islands are con
0-4
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nected with one another and a third layer is formed with
increased average thickness of Co. Even after the growt
the third layer, there remain small areas of barec(232)N
surface at the center of the patches. On the other hand
clean Cu~001! surfaces, Co films are known to grow as b
layer islands just before coalescence.17 Consequently, the
percolative transition2 to a long-range two-dimensional~2D!
ferromagnetic state for bilayer Co dots on Cu(001
c(232)N should occur even if the average thickness of
is smaller than that of the Co film on clean Cu~001!. The
increase of the effective thickness due to the confined gro
of Co islands on Cu(001)-c(232)N causes a higherTr than
Tc of Co on clean Cu~001!.

For an average thickness of less than 1.4 ML, the bila
Co dots are separated from one another although they
connected with 1 ML Co short strips. These 2 ML thick do
do not seem to interact directly via exchange interaction
cause the monolayer Co on a clean Cu~001! surface is not
ferromagnetic down to 50 K.13,16 Thus, the array of the iso
lated bilayer Co dots is expected to exhibit a superparam
netic behavior below the Curie temperature for 2 ML C
films on a clean Cu~001! surface. Each Co dot has a spon
neous magnetization, and its direction is thermally fluctu
ing. The magnetization curves characteristic of superp
magnetism are really observed at 1.3 ML above 160 K an
1.6 ML above 260 K@Figs. 5~a! and 5~b!# with no remanence
but finite magnetization in the magnetic field. On the oth
hand, the presence of remanence below 150 K sugges
long-range 2D ferromagnetic transition of the array of
dots. It is possible that each bilayer Co island has a suffic
magnetic moment to polarize nearby Co atoms in the 1
thick strips. We propose that the long-range ferromagn
transition occurs through interaction among the bilayer
islands mediated by the induced polarization in short
strips.

The onset of ferromagnetic order in two-dimensional n
works of the type considered in the present work has b
theoretically investigated using renormalization group ana
sis of the Ising model.20 Long-range ferromagnetic order wa
found to be established among superparamagnetic nano

FIG. 3. STM image of squarely arranged bilayer Co dots ove
wide area of Cu(001)-c(232)N surface with monoatomic heigh
steps. Average Co thickness is 1.3 ML.
21442
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below Tc through interdot magnetic coupling. In our film
superparamagnetism of each bilayer Co dot is ensured
interaction among the Co atoms in the dot, whereas inte
coupling is realized by monolayer Co regions.

Below 1.2 ML, the magnetic interaction mediated b
short Co strips becomes too weak to induce ferromagne
above 95 K although each Co dot may behave as a su
paramagnet. For these films, we have no evidence of su
paramagnetism, which should be examined by using hig
magnetic fields as demonstrated for Co dots on a Au~111!
surface.5 The maximum magnetic field of 200 Oe in th
present study is insufficient to saturate all the superparam
netic moments at the Co dots even at 95 K.

Another possible explanation of the hysteresis loop at
ML below 150 K is the blocking of superparamagnets. T
blocking generally occurs with decreasing temperature w
the relaxation time of superparamagnett becomes longer
than the measuring time. We observed that the hyster
curve is independent of the sweep rate if it is faster than
Oe/sec. This experimentally excludes the blocking as long
t is shorter than a few minutes. The value oft at T for a
particle with a volumeV can be estimated from the Ne´el
equation18 given by

1

t
5 f 0 exp

2KV

kBT
, ~3.1!

whereK is the absolute value of the intrinsic magnetic a
isotropy constant andf 0 the characteristic frequency of th
magnetic system of the order of 109 sec. Using this equation
with the known isotropic constant of Co film on clea
Cu~001!, K5106 erg/cm3 ~Ref. 19!, andT5150 K, we ob-
tain t510219 sec for a bilayer island with 5 nm35 nm in
lateral size. This is much shorter than the measuring tim

We observed increasing magnetization below 150 K
Co films with thicknesses between 1.8 and 2.1 ML~see Fig.
6!. In these films, 2 or 3 ML thick Co is well connected an
Tr is higher than 370 K. Then, the magnetization due to
2 or 3 ML thick Co film on these surfaces should be sa
rated below 150 K, which is much less than their transiti

FIG. 4. ~a! Hysteresis loops of the magnetization along@110# as
a function of average Co thickness at 95 K.~b! Remanence magne
tization at 95 K as a function of average Co thickness. An arrow
dc is the critical Co thickness for the appearance of the remane

a

0-5
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FIG. 5. Hysteresis loops as a function of tem
perature for three samples. The average thi
nesses of Co are~a! 1.3 ML, ~b! 1.6 ML, and~c!
1.8 ML.
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temperature to the long-range ferromagnetic state. Thu
possible origin of the increasing magnetization with decre
ing temperature is the polarization of the magnetic mome
at the areas of monolayer Co onc(232)N patches. We
found such areas around connected 2 or 3 ML thick Co in
STM images for these films. Polarization at the monola
area may be induced by the neighboring 2 or 3 ML thick C

For the 1.6 ML thick film, the magnetization due to th
bilayer dots gradually increases with decreasing tempera
from Tr5260 K, and has no clear plateau. Thus, we co
not experimentally separate the induced polarization at
monolayer area from the magnetization due to the bila
dots. For the film with more than 2.2 ML thick Co, the ar
with monolayer Co becomes very small, and the magn
properties become almost the same as the Co film on a c
Cu~001! surface.

We observed reduced remanence from the saturated m

FIG. 6. Remanence magnetization as a function of tempera
for samples with 1.6 ML~solid circles! and 1.8 ML~open circles!
Co on average. The transition temperatureTr of 1.6 ML thick
sample is indicated by an arrow.
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netization for films with average thicknesses of less than
ML. This implies the possible change of the easy axis
magnetization. The fcc Co film on a clean Cu~001! surface
has a fourfold easy axis of magnetization along@110#,13

which is governed by the magnetocrystalline anisotropy.
this context, the atomic arrangement within the Co dots
important. A recent study21 by surface-extended x-ray ab
sorption fine structure revealed that the Fe atoms
Cu(001)-c(232)N are arranged in an fcc lattice with tetra
onal distortion as in Fe/Cu~001! films. If Co grows in the
same way, the magnetocrystalline anisotropy does
change whether Co is grown on Cu~001! or on
Cu(001)-c(232)N. The recovery of full remanence beyon
2.2 ML supports the fcc structure of Co.

In addition to magnetocrystalline anisotropy, shape
isotropy may also play an important role in determining t
magnetoanisotropy energy. Since the Co strips
Cu(001)-c(232)N are along the@100# and@010# directions,

re FIG. 7. The transition temperatureTr as a function of the aver-
age thickness of Co. Solid and dashed lines are the Curie temp
ture Tc for Co films on clean Cu substrates reproduced from Re
13 and 16, respectively.
0-6
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GROWTH AND MAGNETISM OF Co NANOMETER-SCALE . . . PHYSICAL REVIEW B 63 214420
it is plausible that the shape anisotropy favoring@100# or
@010# directions as an easy axis of magnetization comp
with the magnetocrystalline anisotropy. The measuremen
Kerr loops along the@100# direction, however, did not pro
duce rectangular shapes. This suggests that the shape a
ropy posed by the arrangement of Co dots is not a domin
factor in determining the easy axis. Another possible sou
of magnetic anisotropy is the steps generated during
preparation of the substrate. The presence of steps on
substrate has a profound influence on the magn
anisotropy.22,23 The step density on the substrate increa
after the formation of regularly arranged square patche
c(232)N islands as shown in Fig. 3. Since the steps ten
run along both the@110# and@100# directions, they will give
eightfold symmetry in the magnetic anisotropy. Therefo
three sources of anisotropy compete with one another, re
ing in the complicated nature of the present system.

For Co grown on a clean Cu~001! surface, it was pointed
out17 that the details of morphology and interface mixi
between Co and Cu depend on the deposition rate and
substrate temperature. The intermixing weakens the m
netic interaction, especially in a few ML thick films. I
the present case, the monolayer Co film directly grown
c(232)N patches is free from intermixing because t
nitrogen-adsorbed structure is not broken by the Co dep
tion. In the above discussion, we proposed that induced
larization is present in this film. It is even possible that t
monolayer Co film on the patches has spontaneous mag
zation at low temperature. As for Co on clean Cu lines on
c(232)N surface, it is not known whether intermixing tak
place similarly to Co on a clean Cu~001! surface. We do
notice that the apparent height in the STM images is in
mogeneous on an isolated 1 ML Co dot grown at a cross
of the Cu lines. This result resembles evidence of interm
ing on a clean Cu~001! surface.17 However, it is sometimes
misleading to discuss the origin of the contrast only by ST
214
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observations. Further studies of the structures both theo
cally and experimentally are necessary to understand
nanoscale magnetism.

IV. CONCLUSION

Regular arrays of Co nanoscale dots were grown o
Cu(001)-c(232)N surface. At the initial stage of the depo
sition, Co selectively covers a clean Cu area on the surf
consisting of squarely arrangedc(232)N patches and clean
Cu~001! grids of a few nm in width. When the amount o
deposited Co is increased, the second ML of Co grows p
erentially at the intersections of the Cu grids. The transit
temperature to a long-range 2D ferromagnetic state incre
with an increased average Co thickness, and is higher t
that for a Co film directly deposited on a clean Cu~001!
surface with the same average thickness. This is attribute
the confined growth of Co islands on Cu(001)-c(232)N.
Remanent magnetization is observed for the 1.3 ML film
which the bilayer Co dots have not been percolated.
films with an average thickness between 1.8 and 2.1 ML,
magnetization increases with decreasing temperature be
150 K, which is much smaller than the corresponding tra
sition temperature to the long-range ferromagnetic state.
propose that the polarization is induced in monolayer
films both on clean Cu lines and onc(232)N patches by the
neighboring bilayer Co dots at low temperature and media
the ferromagnetic interaction among the isolated bilayer
dots in the 1.3 ML film.
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