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lnterfacial anisotropy and magnetic transition of cobalt films on Cu(111) 
F. Huang, G. J. Mankey, and R. F. Willis 
Department of Physics, The Pennsylvania State University, University Park; Pennsylvania 16802 

We measure the magnetic properties of ultrathin films of Co epitaxially grown on single crystal 
Cu(lll) using surface magneto-optic Kerr effect. The magnetic behavior is compared with that of 
the same films, but covered by Cu overlayers to study the effects of film morphology on 
ferromagnetism. The uncapped films show mainly in-plane anisotropy, but a weak perpendicular 
magnetization is always present. Capping a 1.5 monolayer (ML) Co film with Cu significantly 
enhances perpendicular anisotropy with 1 ML of Cu overlayer eliminating the in-plane 
magnetization completely. The perpendicular magnetization reaches its maximum value with 3 ML 
of Cu overlayer, ~5 times higher than the uncapped films, and then decreases as more Cu is 
deposited. Annealing can further increase the perpendicular magnetization with the in-plane 
component remaining weak. ln sharp contrast, this perpendicular anisotropy enhancement by Cu 
overlayers is not seen for Co films on Cu(l00). The temperature dependence of magnetization fits 
to the phenomenological power law M ~(l-T/Tc,>13 with ,B=0.15±0.05 for the uncapped 1.5 ML 
Co film and shows a linear behavior after the film is covered by Cu overlayers. 

INTRODUCTION 

Cu-coated polycrystalline thin films of Co grown on 
Cu(lll) have been shown to have strong perpendicular an
isotropy and exhibit Ising behavior over a wide temperature 
range.1 This is an interesting result, since as-grown Co films 
generally show in-plane anisotropy,2

•
3 and Ising behavior is 

usually observed in highly flat single crystal films with 
strong unia.xial anisotropy.4

•
5 The crucial factor could be the 

Cu overlayer, which tends to enhance the perpendicular an
isotropy. This enhancement has been previously reported in 
many sandwich systems, such as Au/Co/Au(lll),6 

Pd/Co/Pd(ll 1),7•
8 Cu/Co/Pd(ll1)8 and Ni/Co/Ni superlat

tices.9 However, the question of what happens to the mag
netic phase transition behavior when the anisotropy is delib
erately altered, e.g., by transition metal coating, remains 
open. 

In this paper, we report measurements of ultrathin Co 
films grown on a Cu(lll) single crystal. The magnetic prop
erties are compared with those of the same films but covered 
by Cu overlayers. Using the magneto-optic method, we have 
investigated the anisotropy, magnetic transition behavior, and 
the effects of crystal symmetry on the magnetic properties. 

EXPERIMENTAL 

Thin Co films were grown at room temperature on a 
Cu(lll) single crystal using molecular beam epitaxy (MBE). 
The Cu crystal was cut along the [Ill] direction within 0.5° 
using x-ray alignment. It was mechanically polished down to 
0.05 µm followed by electropolishing before being intro
duced into the vacuum. After a few cycles of 500 e V Ar 1 

bombardment and annealing to 700 K for hours, the crystal 
was free of contamination as determined by Auger electron 
spectroscopy (AES) and showed a sharp p(l X 1) low-energy 
electron diffraction (LEED) pattern. 

Film thickness was controlled by quartz crystal mi
crobalance calibrated with reflection high-energy e.lectron 
diffraction (RHEED) oscillations. Co on Cu(lll) does not 
show RHEED oscillations, although it has been shown to be 
a good epitaxial system with metastable FCC layer-by-layer 

growth up to three monolayers of Co. 10
•

11 However, Co on 
Cu(lO0) does have well-resolved RHEED oscillations, and 
can be used to calibrate the film thickness for Co on Cu(ll l). 
Since the atomic area density of Cu(lO0) is 86.6% of the 
Cu(lll) surface, the thickness on Cu(111) is 86.6% of that 
on Cu(lO0), given the same amount of deposited material. 

Magnetic properties were studied in situ using surface 
magneto-optic Kerr effect (SMOKE) in the UHV chamber 
with a base pressure lower than 2X 10- 10 mbar. The external 
magnetic field can be applied both parallel and perpendicular 
to the film plane to detect longitudinal and polar hysteresis 
loops, respectively. To study the magnetic transition, the Kerr 
intensity (retentivity of the hysteresis loops) was measured 
as a function of substrate temperature, which was ramped at 
a constant rate of 6 K per second. Assuming the transition 
follows a phenomenological power law M ~(1-T/Tc)'3, we 
fit the Kerr intensity data to obtain the Curie temperature Tc 
and power law exponent ,8. 

RESULTS AND DISCUSSION 

The ultrathin Co films on Cu(l 11) have predominantly 
in-plane anisotropy, but a weak perpendicular magnetization 
with high coercivity is always present. Generally, a mild an
nealing reduces the coercivity and increases the perpendicu
lar magnetization. However, a more dramatic change in an
isotropy is seen from the effect of a Cu coating. As shown in 
Fig. 1 for a 1.5 ML of Co film, one monolayer of Cu com
pletely wipes out the in-plane hysteresis loop and enhances 
the perpendicular magnetization by a factor of 3. At the same 
time, the coercivity of the perpendicular loop is significantly 
reduced. This trend continues until a Cu overlayer thickness 
of three monolayers, where the perpendicular magnetization 
is nearly five times higher than the uncovered film, Fig. 2. 

The enhancement of perpendicular anisotropy by transi
tion metal overlayers can be counted for by two competing 
anisotropies: a surface anisotropy that is due to reduced sym
metry at the surface and favors perpendicular spin orienta
tion; and a shape anisotropy, which tends to orient the mag
netization parallel to the film plane and increases with 

6406 J. Appl. Phys. 75 (10), 15 May 1994 0021-8979/94/75(10)/6406/3/$6.00 © 1994 American Institute of Physics 



xML Cu/1.5ML Co/Cu(111) 

Longitudinal 

200 0e 
f-----1 

Polar 

~ 

~ 

_IT 

___g-
~ 

0 ML Cu 

1 ML 

2 ML 

3 ML 

4 ML 

~ 4 ML 
(Anne"led) 

FIG. l. L,mgitudinal (in-plane) and polar (perpendicular) hysteresis loops of 
x ML Cu/1.5 ML Co/Cu(lll) measured at room temperature (x 

"'O, 1,2,3,4). The loops under the dashed line are for the 
4 ML Cu/1.5 ML Co/Cu(lll) film after annealed to 600 K. 

increasing film thickness. A balance between these compet
ing anisotropies determines the overall direction of the mag
netization of the film. The Cu overlayers provide a second 
interface, \Vhich increases the surface anisotropy and orient 
the spins perpendicular to the film plane. 

Also shown in Fig. 1 is the annealing effect on the thin 
film anisotropy. For the same Co film with 4 ML of a Cu 
overlayer, the perpendicular loop is much larger after anneal
ing to 600 K. Similar results have also been observed in 
Fe-Pd alloy films.12 The :similarity between annealing and 
Cu capping suggests that annealing causes Cu segregation on 
top of Co to form an ov•~rlayer, 13 and hence changes the 
surface anisotropy. In addition, annealing changes the micro
structure of the film, such as roughness and lattice mismatch-
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FIG. 2. Polar Kerr Intensity of x ML Cu/l.5 ML Co/Cu(ll1) films as a 

function of Cu ovcrlayer thickness x, showing the enhancement of perpen
dicular magnetization by Cu capping. 
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FIG. 3. Longitudinal and polar hysteresis loops of L8 ML Co/Cu(l00) 

measured at 150 K before and after the coverage of 2 ML of Cu. 

induced strains, which can give rise to a modified magneto
crystalline and magnetoelastic surface anisotropy.14 

This is in sharp contrast to the same experiment on 
Cu(100) shown in Fig. 3, where the hysteresis loops of a l.8 
ML Co film are compared before and after 2 ML of Cu 
coverage. The magnetization of ultrathin Co films on 
Cu(100) lies in plane. Cu capping has little effect on both 
parallel and perpendicular loops. This is consistent with the 
Brillouin light scattering measurements, 15 which showed that 
Cu capping can increase the perpendicular surface anisotropy 
(k., from -0.46 to 0.15 erg/cm2

) for the Co films on Cu(lO0) 
at thicknesses larger than de -2 ML. However, below de, 
where the uncovered Co films already have positive ks , it 
remains nearly the same after Cu capping. 

The [lll] direction is the easy axis for a bulk Co crystal. 
Thin films of Co grown on (lll) FCC surfaces have a much 
stronger perpendicular anisotropy than those grown on the 
(100) surfaces due to magnetocrystalline anisotropy. For ex
ample, the magnetization of Co was found to experience a 
crossover from perpendicular to in plane at about 1-2 ML on 
Pd(lO0) and at 6 ML on Pd(lll). 16 Cu capping generally 
enhances the perpendicular anisotropy, but this change could 
be small compared with the strong in-plane anisotropy on the 
(100) surface. 

Figure 4 shows the magnetic phase transition behavior of 
a 1.5 ML of Co on Cu(lll), comparing before and after Cu 
capping. For the uncovered film (solid circle), the Kerr in
tensity was taken from the in-plane hysteresis loops. Fitting 
to the power law M-(l-T!Tc)f3 gives ,8=0.15±0.05. Al
though it is close to the Ising ,8 value of 0.125, this is by no 
means an ideal Ising system, due to the presence of both 
in-plane and perpendicular anisotropy, and the pronounced 
finite size rounding above Tc (Fig. 4). The Cu-capped same 
Co film (open circle) displays a strong perpendicular anisot
ropy. However, the polar Kerr intensity now decreases lin
early with increasing temperature. The linear decrease of 
magnetization with temperature is often associated with the 
formation of islands and clusters, which exhibit superpara
magnetic behavior over a broad range of temperature and 
cluster sizes.17•18 These superparamagnetic islands and lateral 
inhomogeneities lead to a fast linear decrease at lower tern-
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FIG. 4. Kerr intensity as a function of temperature comparing the 
1.5 ML Co/Cu(lll) film (e, longitudinal) and the same film but covered 

hy 4 ML of Cu (0, polar). The solid line is the power law fit with Tc=460 
K and ,B=0.15. 

peratures. Similar results have also been reported in Moss
bauer studies. 19

•
20 

These results are very different from those reported in 
Ref. 1, which showed that the magnetic phase transition of a 
monolayer Co follows the exact Ising behavior. The Co film, 
quite different from our single crystal Co films, was prepared 
on the polycrystalline Cu(lll) grains grown on sapphire 
(1120) surface then coated with Cu before taken out to the air 
for the torsion oscillation magnetometry measurements. Al
though we cannot say for sure what has caused or destructed 
the Ising character, the different film surface and interface 
microstructure is certainly playing an important role in de
termining the magnetic critical behavior. More experiments 
are underway to study the structure-property relationships. 

SUMMARY 

We have observed a dramatic enhancement of the 
uniaxial perpendicular anisotropy by depositing Cu overlay
ers on Co films on Cu(lll). One monolayer of Cu on top of 
a 1.5 ML Co(lll) film can raise the perpendicular magneti-

6408 J. Appl. Phys., Vol. 75, No. 10, 15 May 1994 

zation by a factor of 3, reduce the coercivity by a factor of 2, 
and eliminate the in-plane magnetization completely. An
nealing ha'> the similar effect to Cu capping on anisotropy 
due to changes in film microstructure and copper segregation 
at the free surface. The anisotropy change induced by Cu 
overlayers is small for Co films on Cu(lO0). The uncovered 
film exhibits a power law behavior with ,8=0.15±0.05, in 
contrast to the linear temperature dependence of magnetiza
tion for the Cu-capped same film. These results emphasize 
the dramatic role of the interface properties in determining 
the magnetic behavior of magnetic superlattices and sand
wich systems. 
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