PHYSICAL REVIEW B, VOLUME 63, 214420

Growth and magnetism of Co nanometer-scale dots squarely arranged
on a Cu(001)-c(2X2)N surface
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We have studied the growth and magnetism of two-dimensionally coupled nanometer-scale Co dots which
are squarely arranged on a Cu(0@IP-x 2)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 55 nn? N-adsorbecc(2x 2) 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 taé2 X 2)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(2X2)N patches below 150 K.
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[. INTRODUCTION been studied on this surface previously. These metals grow
selectively on the clean Cu part of the surface at the early
Thin ferromagnetic transition metals on normal metalsstage of the deposition at room temperat(Rd), although
have been intensively studied for an understanding of lowthe details of the growth are dependent on both the metal
dimensional magnetism. In these systems, magnetic longPecies and the morphology of the surface. In the case df Ni,
range order is established by increasing the nominal thickl or 2 ML thick isolated Ni islands grow selectively at the
ness of the transition metals within a few atomic monolayer$0ssings of the clean Cu lines. On the other hand, in the
(ML’s). For example, in Fe(110)/W(110)detailed mea- an(al(?lflco, all the Qu lines are covered with monolayer Co at
surements of the surface morphology and the magnetic trarfi'St:_~and then bilayer Co islands are squarely arranged at
sition revealed that the ordering process isatwo—dimensiona‘s’hﬁpCross'”9S and are interconnected with monolayer Co
magnetic percolation. A similar gnechamsm for long-range We have studied the growth of Co at RT using scanning
order was proposed for Co/@01).” For further study of the . . : :
magnetic interaction in nanometer-scale structures howevetrur.me“ng MICroscopySTM), anq the magnetic properties
' using the surface magneto-optical Kerr effd @MOKE).
) : Emong the magnetic transition metals on(Q@1) surfaces,
f_or macroscopic _measuremer_ﬂ_s Of_ spatially avera_ged quants g has the following advantages: The growth of Co on clean
tle_s because of mhomoge_nemes in the lateral size and t u(00) is known to be simply epitaxial at least in the first
thickness of the magnetic islands. In order to study the sizgeyeral monolayers. Moreover, the magnetic properties have
and shape dependence of the magnetic interaction, controllggben extensively studied. For example, the Curie temperature
fabrication of ordered nanometer-scale structures is requiregf 2 ML thick Co on clean C(001) is higher than RT, and
Recently, equally spaced monoatomic steps and selimonolayer Co has no magnetization down to 56°Rhese
organized strain-relief patterns on metal surfaces have beeire useful for a discussion of the experimental results of the
used as templates for the growth of one- and two-present system. On the basis of the observed morphology of
dimensional nanostructures. In particular, the magnetic propthe squarely arranged dots, we discuss the magnetic proper-
erties of Fe/C(111),* Fe/\M110," and Co/Al11l) (Ref. 5 ties, especially the roles of monolayer Co films on the sur-
have been studied. face. Preliminary results of the magnetic properties have
In the present article, we report on the growth and thebeen published in Ref. 14.
magnetism of a square array of 2 ML thick Co dots on a
nitrogen-modified C(D01) surface. We used an ordered
structure reported by Leibslet al® as the template. They Il. EXPERIMENT
showed thatt(2X2)N square patches of 5 b nm in
size can be arranged squarely on a cleaf0Q1) surface
with a separation of a few nm by adjusting the amount of N.  The growth of Co dots arrays was studied in an ultrahigh
It was consideredthat this surface is formed to relieve the vacuum (UHV) using a scanning tunneling microscope
surface strain caused by the lattice mismatch between Cu ari®micron, microSTM headwith a tungsten tip. The UHV
thec(2X2)N patches. system consisted of a preparation chamber and an STM
The growth of magnetfc'*and nonmagnetté metals has chamber separated by a gate valve. The latter was equipped

A. STM observation
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with a four-grid low-energy electron diffractioitEED) op-  ness of Co was monitored by a quartz microbalance, which

tics (OCI, BLD600. The base pressure of both chamberswas calibrated by the measured Co/Cu Auger ratio. Here we

was better than 10 '° Torr. A clean surface of G001) use the relation between the Co/Cu Auger ratio and the av-

was obtained by repeating Ar ion sputterit®00 e\) and  eraged Co thickness calibrated by the STM observation. To

annealing at 970 K in the preparation chamber. Then theonfirm the calibration, we measured the Curie temperature

cleaned sample was transferred to the STM chamber. WET,.) of Co films grown on a clean @001 surface as a

confirmed the cleanness of the surface by Auger electrofunction of the calibrated thickness. As in the literattiteye

spectroscopy(AES), the structural order by a sharpxil experimentally defined’. as the temperature at which the

LEED pattern, and surface morphology by STM. remanence magnetization detected by SMOKE vanishes. We
To prepare the nitrogen-modified surface, a cleaf0Gl)  found that the values of ; were consistent with those re-

surface was bombarded by nitrogen ions of 500 eV, followecported in this literature. The accuracy of the obtained Co

by annealing at 600 K for typically 5 min in the preparation thickness is about 15% because of the uncertainty in the

chamber. We monitored the ion current at the sample duringneasured Auger ratio.

the N ion bombardment to adjust the amount of implanted

nitrogen into the substrate. The regular arrangement of lIl. RESULTS AND DISCUSSION

c(2X2)N square patches was confirmed by STM. We also

observed the correlation between the order of the arrange- A. Growth of Co dot array

ment and a satellite structure around the integral LEED Figure 1 shows typical STM images of a N-adsorbed
spots:* - Cu(001) surface for two different amounts of N. By adjust-

In the STM chamber, Co deposition was made from anng the amount of N, we could obtain a regular and square
alumina crucible, around which a resistively heated tantalunérrangement ot(2x2)N square patches as in Fig(al
wire was wound. We kept the substrate temperature at RT tQyith increasing amount of adsorbed nitrogen, the clean
reduce intermixing of the deposited Co and the Cucyo1) mesh lines separating the(2x 2)N patches be-
substraté® The deposition rate was 0.1 ML/min as moni- come narrower, and there appear trenches with monoatomic
tored by a quartz microbalance. The pressure during thgyyer depth as shown in Fig(l). These trenches are formed
deposition was less thang10™*° Torr. The average thick- g relieve the surface strain just as the grids of clean Cu lines.
ness of Co was calibrated by estimating the amount .of Co Ofrhe small areas with square arrayscé2 < 2)N patches are
the surface from the STM images. At the same time, Wesgparated by trenches or steps on the surface. We note that
measured the intensity ratio of the C&M(716 eV) Au-  the density of the steps increases after formation of the
ger line to CULMM(920 eV) line as a function of the av- ¢(2x2)N patches. These features are consistent with a pre-
erage thickness of Co on the surface. vious report’

STM images were taken with a constant-current mode at The morphology of the N-adsorbed surface is dependent
RT. The typical tunneling current was 1 nA, and the samplesn annealing conditions. We found that the width of the
bias voltage was 1 V. No correction was made to any distorgjean Cu lines becomes anisotropic by increasing the anneal-
tion of the images in the present paper. ing temperature to 630 K while keeping the other conditions
unchanged. Figure(®) is an STM image of such a surface.
In one small domain, the width of bright Cu lines along the
[100] direction is larger than that along tfi610] direction,

The magnetic properties were measured by SMOKE inwhereas it is the opposite in the other domain. This surface
another UHV system consisting of a measurement chambeould be used as a possible template for the growth of one-
with a LEED optics(OCI, BLD600 and a preparation cham- dimensional magnetSalthough it seems difficult to prepare
ber. The base pressure of the chambers was better thansingle-domain surface for macroscopic measurements.
2x10 % Torr. The SMOKE signal was measuredsitu in The growth of Co on the surface with a regular arrange-
longitudinal and polar configurations witkpolarized light ment ofc(2X2)N patches is shown in Fig. 2. At the initial
from a He-Ne laser. Two pairs of Helmholtz coils for longi- stage of the deposition, single atomic layer Co grows selec-
tudinal and polar configurations were placed in the chambetively on the clean Cu lines as in Fig@ when the width of
for this purpose. The fluence of the light was 5 mW4cid  the line is larger than 1 nm. With increasing amount of de-
lock-in technique was employed by modulating the incidentposited Co on the surface, monolayer continuous Co lines
light with a photoelastic modulator. During the SMOKE are formed, and the second atomic layer grows selectively at
measurement, the sample temperature could be controllate crossings of the Cu lines as in FigbR Further deposi-
between 90 K and 450 K. The temperature during the meation of Co results in a square arrangement of the bilayer Co
surement was monitored by a thermocouple attached to thdots interconnected with monolayer strips as shown in Fig.
side of the Cu crystal. 2(c). A schematic model for this film is given in Fig(e. At

The Co nanostructures were prepared in the same way aiis stage, a part of the(2Xx2)N patches are covered with
for the STM experiments except that the Co source was aonolayer Co. These observations are consistent with previ-
resistively heated W wire wrapped with a Co wire. To ensureous reports®** When the average thickness of Co is larger
the substrate morphology with a regular arrangement othan 1.8 ML, most of the bilayer islands are connected with
c(2X2)N square patches, we utilized LEED patterns show-one another. Furthermore, the third atomic layer is formed
ing the satellites around integer-ordered spdtShe thick-  not always at the crossings of the clean Cu lines. At the same

B. Magnetization measurements
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28nm - time, most of the N-adsorbed patches are covered with 1 ML
4 Co film at first, and then the second ML is formed on it with
an increased average thickness of Co. Consequently, the
square arrangement of Co dots becomes disordered. An STM

image of such a surface is shown in FigdPfor a film with

1.9 ML Co on average. A schematic drawing for the mor-
phology of this film is given in Fig. @). Figure 3 shows an
STM image of 200 nnx200 nm for 1.3 ML Co. We ob-
serve a homogeneous arrangement of the Co dots and distri-
bution of monoatomic steps on the substrate.

For all surfaces with an average Co coverage of up to 2
ML, the LEED patterns were alwayg2x 2) although the
sharpness of the spots became worse with increasing Co
thickness. This indicates that the(2X2)N structure is
stable against Co deposition of a few ML thick, and that Co
growth is epitaxial with the substrate as in the case of Co
grown on a clean Q001).

We note that there are at least three kinds of Co thin
structures on the surface: 1 ML Co on clean Cu lines, 1 ML
Co onc(2X2)N patches, and 2 ML Co dots. We will dis-
cuss the result of the magnetization measurements by con-
sidering the magnetic properties of these components.

A

100nm

A
Y

B. Magnetic properties

Figure 4a) shows the evolution of hysteresis loops mea-
sured by longitudinal SMOKE at 95 K as the average Co
thickness is increased. In Fig(b}, the magnitude of rema-
nent magnetization is plotted as a function of the Co thick-
ness. A magnetic field was applied in the plane along the
[110] direction which is the easy axis of magnetization for
ultrathin Co films grown on a clean Q@01) surface*® Finite
remanence begins to appear in the hysteresis loops taken for
the 1.3 ML thick film. As the thickness is increased, the
magnitudes of the magnetization and the coercivity increase.
Beyond 2.2 ML the loop exhibits a rectangular shape, imply-
ing that the[110] direction is the easy axis of magnetization.
However, below 2 ML, the loops deviate significantly from
this easy axis behavior. The shapes of the hysteresis loops
were almost independent of the sweep rate between 40 Oe/
sec and 2.5 Oe/sec. We could not detect any polar SMOKE
signal in the Co thickness range we investigated.

Figure 5 shows the temperature dependence of hysteresis
loops for the Co thickness of 1.3 Mla), 1.6 ML (b), and 1.8
ML (c). We define herdl, as the temperature at which the
remanence vanishes completely. The valud@ ofies around
160 K for 1.3 ML and 260 K for 1.6 ML. The transition was
reversible because the same ferromagnetic Kerr loops could

FIG. 1. STM images of nitrogen-adsorbed surfaces prepare?® reproduced after cooling the sample again. For 1.8 ML,
with three different conditions. Arrows indicate the positions of the remanence persists up to 370 K, which indicates That
steps with the monoatomic heigh®) The surface with squarely IS above that temperature. We did not try to measure the Kerr
arrangedc(2X 2)N patchegdark area separated by clean Cu sur- loops over 400 K because a significant intermixing of Co
face (bright grids. The nitrogen coverage of the surface is 0.3 ML with Cu may change the magnetic propertié Fig. 6, the
on average(b) The surface with square patches and monoatomidemanent magnetization as a function of temperature is
height trenches. The density of Cu lines with subnanometer widthshown for 1.6 ML and 1.8 ML. The remanence increases
is higher than that shown i@). The nitrogen coverage of the sur- below 150 K for the 1.8 ML Co film, in which the saturated
face is 0.4 ML on averaggc) The surface with anisotropic Cu  magnetization also increases below this temperature. Similar

lines. The annealing temperature is higher than thatjirand (b).  increases of the magnetizations were observed for 1.9 ML
The nitrogen coverage of the surface is 0.2 ML on average. and 2.1 ML.
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FIG. 2. STM images for Co grown on surfaces with squarely arrang2c 2)N patchega)—(d) and the gray-scale schematic models
(e) and(f) for the surfacesc) and(d), respectively. The average thicknesses of Co(@r€.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 line@jrand (f) the boundaries between tkké2x 2)N patches and the clean
Cu(001) surfaces.

For further discussion on our magnetic data we point outl..2 ML and 1.9 ML mean that the correspondifgis below
that remanence is neither a necessary nor a sufficient condi00 K and above 400 K, respectively. For comparison, the
tion for ferromagnetism—that is, a long-range order characT for ultrathin Co films grown on a clean @01) surface
terized by spontaneous magnetization. In the case of softeported by Schneidest al'® and Bovensiepert al® are
magnetic materials ferromagnetic order is not necessarilyeproduced as dashed and solid lines, respectively. We note
accompanied by a remanencg, €T, in the present con- that the definition ofT. for Co films on clean C{@021 is
text), whereas “micromagnetic” effects such as superparaexperimentally the same as thatTf for the present system.
magnetic blocking may yield a remanence in the systems The measured, for Co on Cu(001)e(2x2)N is found
which are, in a strict sense, nonferromagnelicT,). to be higher tharm . for Co/Cu001) with the same nominal

In Fig. 7, the change of, is plotted with increasing Co thickness within our experimental accuracy. This is ascribed
thickness. The uncertainty in the Co thickness is shown ato the difference in the growth morphology of Co islands. On
the point for 1.3 ML. The arrows pointing up and down for the Cu(001)e(2X2)N surface, bilayer islands are con-
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FIG. 4. (a) Hysteresis loops of the magnetization aldag0] as
a function of average Co thickness at 95(K). Remanence magne-

FIG. 3. STM image of squarely arranged bilayer Co dots over dization at 95 K as a function of average Co thickness. An arrow at
wide area of Cu(001{(2x 2)N surface with monoatomic height d. is the critical Co thickness for the appearance of the remanence.

steps. Average Co thickness is 1.3 ML. ) ) ) )
below T, through interdot magnetic coupling. In our films,

nected with one another and a third layer is formed with arsuperparamagnetism of each bilayer Co dot is ensured by
increased average thickness of Co. Even after the growth @iteraction among the Co atoms in the dot, whereas interdot
the third layer, there remain small areas of baf8<X2)N  coupling is realized by monolayer Co regions.
surface at the center of the patches. On the other hand, on Below 1.2 ML, the magnetic interaction mediated by
clean Cy00Y)) surfaces, Co films are known to grow as bi- short Co strips becomes too weak to induce ferromagnetism
layer islands just before CoalesceﬁEeConsequently, the above 95 K although each Co dot may behave as a super-
percolative transitiohto a long-range two-dimensionéD)  paramagnet. For these films, we have no evidence of super-
ferromagnetic state for bilayer Co dots on Cu(001)-paramagnetism, which should be examined by using higher
c(2Xx2)N should occur even if the average thickness of Camagnetic fields as demonstrated for Co dots on &1Al)
is smaller than that of the Co film on clean 0Q1). The  surface’> The maximum magnetic field of 200 Oe in the
increase of the effective thickness due to the confined growthresent study is insufficient to saturate all the superparamag-
of Co islands on Cu(0013{2X 2)N causes a highdr, than  netic moments at the Co dots even at 95 K.
T, of Co on clean C(001. Another possible explanation of the hysteresis loop at 1.3
For an average thickness of less than 1.4 ML, the bilayeML below 150 K is the blocking of superparamagnets. The
Co dots are separated from one another although they atstocking generally occurs with decreasing temperature when
connected with 1 ML Co short strips. These 2 ML thick dotsthe relaxation time of superparamagnetecomes longer
do not seem to interact directly via exchange interaction bethan the measuring time. We observed that the hysteresis
cause the monolayer Co on a clean(@i) surface is not curve is independent of the sweep rate if it is faster than 2.5
ferromagnetic down to 50 K31°Thus, the array of the iso- Oe/sec. This experimentally excludes the blocking as long as
lated bilayer Co dots is expected to exhibit a superparamagr is shorter than a few minutes. The value oft T for a
netic behavior below the Curie temperature for 2 ML Coparticle with a volumeV can be estimated from the Ble
films on a clean C©01) surface. Each Co dot has a sponta-equatiort® given by
neous magnetization, and its direction is thermally fluctuat-

ing. The magnetization curves characteristic of superpara- 1 KV
magnetism are really observed at 1.3 ML above 160 K and at —=f,exp——, (3.1
1.6 ML above 260 KFigs. 5a) and §b)] with no remanence T kT

but finite magnetization in the magnetic field. On the other
hand, the presence of remanence below 150 K suggestswhereK is the absolute value of the intrinsic magnetic an-
long-range 2D ferromagnetic transition of the array of Coisotropy constant andl, the characteristic frequency of the
dots. It is possible that each bilayer Co island has a sufficiermagnetic system of the order of*l8ec. Using this equation
magnetic moment to polarize nearby Co atoms in the 1 MLwith the known isotropic constant of Co film on clean
thick strips. We propose that the long-range ferromagneti€u(001), K=10° erg/cn? (Ref. 19, andT=150 K, we ob-
transition occurs through interaction among the bilayer Cdain 7=10 1° sec for a bilayer island with 5 nm5 nm in
islands mediated by the induced polarization in short Cdateral size. This is much shorter than the measuring time.
strips. We observed increasing magnetization below 150 K for
The onset of ferromagnetic order in two-dimensional net-Co films with thicknesses between 1.8 and 2.1 [8ke Fig.
works of the type considered in the present work has beef). In these films, 2 or 3 ML thick Co is well connected and
theoretically investigated using renormalization group analyT, is higher than 370 K. Then, the magnetization due to the
sis of the Ising model’ Long-range ferromagnetic order was 2 or 3 ML thick Co film on these surfaces should be satu-
found to be established among superparamagnetic nanodatged below 150 K, which is much less than their transition

214420-5



KOMORI, LEE, NAKATSUJI, IIMORI, AND CAI

163K

150 K

142 K

132K

123K

Kerr Intensity (Arb. Units)

RNERIRMY

111K

103K

©0

K

Kerr Intensity (Arb. Units)

1.6 ML

M
300 K

R vl
275K

v ™ 252 K
WK
MK
___'ﬂgl(
ﬂK
ﬁK

Kerr Intensity (Arb. Units)

RH IR

1.8 ML

371K

300K

238K

196K

132K

116K

94

=

———TT
80 -40 0 40 80
Magnetic Field (Oe)

(@)

80 -40 0 40 80
Magnetic Field (Oe)

(b)

80 -40 0 40 80
Magnetic Field (Oe)

©

PHYSICAL REVIEW B 63 214420

FIG. 5. Hysteresis loops as a function of tem-
perature for three samples. The average thick-
nesses of Co ar@) 1.3 ML, (b) 1.6 ML, and(c)

1.8 ML.

temperature to the long-range ferromagnetic state. Thus etization for films with average thicknesses of less than 2.1
possible origin of the increasing magnetization with decreasML. This implies the possible change of the easy axis of
ing temperature is the polarization of the magnetic momentsnagnetization. The fcc Co film on a clean (@01) surface
at the areas of monolayer Co @{2x2)N patches. We has a fourfold easy axis of magnetization alofig.0],*®
found such areas around connected 2 or 3 ML thick Co in thevhich is governed by the magnetocrystalline anisotropy. In
STM images for these films. Polarization at the monolayetthis context, the atomic arrangement within the Co dots is
area may be induced by the neighboring 2 or 3 ML thick Co.important. A recent study by surface-extended x-ray ab-
For the 1.6 ML thick film, the magnetization due to the sorption fine structure revealed that the Fe atoms on
bilayer dots gradually increases with decreasing temperatur@u(001)€(2X2)N are arranged in an fcc lattice with tetrag-
from T,=260 K, and has no clear plateau. Thus, we couldonal distortion as in Fe/G001) fiims. If Co grows in the
not experimentally separate the induced polarization at theame way, the magnetocrystalline anisotropy does not
monolayer area from the magnetization due to the bilayechange whether Co is grown on @01 or on
dots. For the film with more than 2.2 ML thick Co, the areaCu(001)€(2X2)N. The recovery of full remanence beyond
with monolayer Co becomes very small, and the magneti@.2 ML supports the fcc structure of Co.
properties become almost the same as the Co film on a clean In addition to magnetocrystalline anisotropy, shape an-
Cu(00)) surface. isotropy may also play an important role in determining the
We observed reduced remanence from the saturated magragnetoanisotropy energy. Since the Co strips on
Cu(001)€(2x2)N are along th¢100] and[010] directions,

—_ ® 1.6ML
.*g o 1.8ML
400
2 b
2
< |o 300
g o) <
© 5 809095 0O = 200
2 ® oo .oo Co~ 0%,
g w®e o oo
5 wee e T 100
o
0 2000
T T T T T T 0
100 150 200 250 300 350 1.0 1.2 14 16 1.8 2.0
Temperature (K) Average Thickness (ML)

FIG. 6. Remanence magnetization as a function of temperature FIG. 7. The transition temperatufig as a function of the aver-
for samples with 1.6 ML(solid circles and 1.8 ML (open circleg age thickness of Co. Solid and dashed lines are the Curie tempera-
Co on average. The transition temperatdreof 1.6 ML thick ture T, for Co films on clean Cu substrates reproduced from Refs.
sample is indicated by an arrow. 13 and 16, respectively.

214420-6



GROWTH AND MAGNETISM OF Co NANOMETER-SCAE . .. PHYSICAL REVIEW B 63 214420

it is plausible that the shape anisotropy favorid@0] or  observations. Further studies of the structures both theoreti-
[010] directions as an easy axis of magnetization competesally and experimentally are necessary to understand the
with the magnetocrystalline anisotropy. The measurement afianoscale magnetism.

Kerr loops along th¢100] direction, however, did not pro-

duce rectangular shapes. This suggests that the shape anisot- V. CONCLUSION

ropy posed by the arrangement of Co dots is not a dominant

factor in determining the easy axis. Another possible SOWC%U(OOl)c(ZXZ)N surface. At the initial stage of the depo-

of magnetic anisotropy is the steps generated during th ition, Co selectively covers a clean Cu area on the surface
preparation of the substrate. The presence of steps on e on: y

: : isting of squarely arrange@2 < 2)N patches and clean
substrate has a profound influence on the magnehgns'S . A
anisotropy?>?® The step density on the substrate increase u00Y) grids of a few nm in width. When the amount of

; eposited Co is increased, the second ML of Co grows pref-
after the formation of regularly arranged square patches quentially at the intersections of the Cu grids. The transition

¢(2>2)N islands as shown in Fig. 3. Since the steps tend t emperature to a long-range 2D ferromagnetic state increases
run along both th¢110] and[100] directions, they will give with an increased average Co thickness, and is higher than

eightfold symmetry in the magnetic anisotropy. Therefore,

three sources of anisotropy compete with one another, resul}hat for a Co film directly deposited on a clean (Q0d)

ing in the complicated nature of the present system. surface with the same average thickness. This is attributed to

. ; the confined growth of Co islands on Cu(0Q0i(2X 2)N.
For Co grown on a clean C@01) surface, it was pointed L S
out” that the details of morphology and interface mixing Remanent magnetization is observed for the 1.3 ML film in

between Co and Cu depend on the deposition rate and tgihlch the bilayer Co dots have not been percolated. For

substrate temperature. The intermixing weakens the ma Ims W't.h an average th|ckness betwee;n 1.8and 2.1 ML, the
netic interaction, especially in a few ML thick films. In agnetization increases with decreasing temperature below
the present case, the monolayer Co film directly grown or11.5.0 K, which is much smaller than the correspo_ndmg tran-
c(2X2)N patches is free from intermixing because theSltlon temperature to th? Io_ng—r_ange ferromagnetlc state. We
nitrogen-adsorbed structure is not broken by the Co deposc}2r0pose that the polarization is induced in monolayer Co

tion. In the above discussion, we proposed that induced p "msh%"th onbt_:llean %u I:jnets a?? “'(‘tZXZ)N fatchezby tz.et
larization is present in this film. It is even possible that the€1gNbOMNg biiayer Lo dots at low temperature and mediales
é{r_e ferromagnetic interaction among the isolated bilayer Co

Regular arrays of Co nanoscale dots were grown on a

monolayer Co film on the patches has spontaneous magne ; )
zation at low temperature. As for Co on clean Cu lines on th ots in the 1.3 ML film.
c(2X 2)N surface, it is not known whether intermixing takes
place similarly to Co on a clean @01) surface. We do
notice that the apparent height in the STM images is inho- We would like to thank K. Tanaka, Y. Matsumoto, and K.
mogeneous on an isolated 1 ML Co dot grown at a crossinglukai for valuable discussions on the growth of the crystals,
of the Cu lines. This result resembles evidence of intermixand K. Hattori and M. Yamada for their collaboration on the
ing on a clean C@O01) surface’’ However, it is sometimes magnetization measurements at an early stage of the experi-
misleading to discuss the origin of the contrast only by STMment.
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