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Ultrathin epitaxial bcc-Co films stabilized on Au(0 0 1)-hex
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Abstract

Ultrathin (8 and 16 �A) epitaxial Co films were grown on Au(0 0 1)-hex substrates. The films were characterized in situ

by LEED, STM and the directional Auger electron spectroscopy (DAES) and ex situ by magnetooptic Kerr effect.

From LEED and DAES data it was found that a distorted bcc-Co phase can be stabilized on Au(0 0 1)-hex at least up to

10 ML. The easy axis of magnetization for the bcc-Co films coated with Au lies in-plane along a Æ1 0 0æ direction.
� 2004 Elsevier B.V. All rights reserved.
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1. Introduction

One of the crystallographic phases that do not

exist naturally but can be stabilized by epitaxy is

metastable bcc-Co. It was obtained for the first

time by Prinz [1] on GaAs(1 1 0). Exceptionally
thick (357 �A) bcc Co film could be stabilized

probably thanks to its nanocrystalline character

[2]. It means that the magnetic and hyperfine

properties found by Riedi et al. [3] for this sample

were not representative for a tru bcc Co-phase.

There is still a lot of controversy around the

structural and magnetic properties of Co films on

GaAs(1 1 0) [4] and GaAs(0 0 1) [5] due to their
complicated microstructure [6], inhomogeneities
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[7] and chemical interdiffusion [8], which is cer-

tainly important for ultrathin films [9]. The second

commonly exploited substrate for the growth of

bcc-Co is Fe(0 0 1), which was used for the ultra-

thin films [10–12] as well as for multilayer [13,14]

growth. On Fe(0 0 1) Co grows as strained bcc-
phase [11,12], which is actually body-centered

tetragonal up to a critical thickness between 10

and 25 monolayers. In multilayers the metastable

phase is stabilized additionally by a Fe overlayer

[13]. The structure determination of ultrathin films

were done usually by electron diffraction methods,

whereas for multilayers NMR showed up to be

very helpful clearly identifying and resolving fcc,
hcp and bcc cobalt phases [13]. However, NMR,

by involving the hyperfine interactions, is sensitive

to the proximity of magnetic moments of the

substrate when Co is grown on Fe(0 0 1), which

may shift the hyperfine magnetic field values.

Similarly, the magnetization background coming

from iron in Co/Fe systems makes determination

of the magnetic properties for bcc-Co difficult.
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It becomes then essential to grow bcc-Co on a non-

magnetic metallic substrate. Till now bcc-Co films

were grown on the (0 1 0) surface of tetragonal

TiAl [15] and cubic FeAl [16]. From our point of

view promising perspectives of growing and

studying Co films was offered by a Au(0 0 1)-hex
substrate, which we recently have used to grow Fe

films [17]. The close analogy between bcc-Co and

bcc-Fe structural properties [18] allowed us to ex-

pect similar growth modes, mediated by the sur-

factant Au action [17,19]. Moreover, Wu et al. [20]

reported that they were able to stabilize bcc-Co in

Co/Au superlattices.

In this paper we report preliminary results from
the growth of ultrathin bcc-Co films by MBE on

Au(0 0 1)-hex. The Au(0 0 1)-hex substrates were

obtained by a simple epitaxial thin film process on

inexpensive and easy to handle MgO single crys-

tals [17]. The samples were structurally character-

ized in situ by low energy electron diffraction

(LEED), scanning tunneling microscopy (STM)

and directional Auger electron spectroscopy
(DAES) [21–23]. Ex situ analysis of Au coated

samples were performed using the magnetooptic

Kerr effect.
2. Experimental details and sample preparation

The experiments were performed in a three-
chamber UHV system with a base pressure

3 · 10�11 mbar. The system is equipped with a

load-lock facility, quadrupole mass spectrometer

(SRC), sputter ion gun (Varian), home built MBE

evaporators, a reverse view 4-grid LEED/AES

optics (OCI), and a room temperature STM head

(Burleigh). The samples were deposited on

5 · 10 · 1 mm3 MgO(0 0 1) (Kristallhandel Kelpin)
substrates clamped to a Ta plate. The substrates,

cleaved ex situ in pure N2 atmosphere prior to the

introduction into the UHV systems, were annealed

at 600 �C for 1 h. Metals were evaporated from

BeO crucibles heated with a wrap-around tungsten

coil. The evaporator assembly was embedded in a

water-cooled shroud. The deposition rate was

calibrated from the indication of a quartz thick-
ness monitor, which could be placed precisely at

the sample position. During the whole deposition
process, the pressure in the chamber was main-

tained in the low 10�10 mbar range.

The substrate was a 300 �A (0 0 1)Au buffer layer

obtained in a multistage process on a 40 �A Cr seed

layer [17]. This way of preparation resulted in a

typical Au(0 0 1)-(28 · 5) reconstruction, so called
Au(0 0 1)-hex, seen in the STM images as 14.4 �A
spaced ridges running along Æ1 1 0æ Au directions

on large atomically flat terraces (compare Fig. 4a).

The cobalt films (a standard thickness of 8 �A
and 16 �A was used), were deposited at 300K at the

rate of about 1 �A/min. Following the deposition,

the Co films were characterized in situ by STM,

LEED and the directional Auger electron spec-
troscopy (DAES) [21,22], referred more generally

as the primary-beam diffraction modulated elec-

tron emission (PDMEE) [23]. The method involves

a strong changes in the Auger yield, when the

incidence angle is varied. Scattering interference of

the primary exciting electrons gives the strong

forward-focusing effect and the maxima of the

DEAS polar proliles directly reflect the symmetry
and the degree of local order with chemical sensi-

tivity. The DAEA experiment was performed

using a standard LEED/AES 4-grid optics (OCI)

and the lock-in detection. The magnetic charac-

terization was made applying ex situ magnetooptic

Kerr measurements, for which the Co films were

covered with a 50 �A Au cap-layer.
3. Results and discussion

Fig. 1 shows LEED patterns for the Au sub-

strate (a) and for the 8 �A Co film (b). Clearly, the

square surface mesh of the Co film matches the

atomic distance of the Au substrate. In the accu-

racy limit of our qualitative LEED, the square
surface Co mesh has the lattice constant 2.85 ±

0.05 �A which fits in between the expected value

2.82 �A of bcc Co [1] and the value 2.88± 0.01 �A
found by Wu et al. [20] for Co/Au(0 0 1) superlat-

tices. From the present crystallographic charac-

terization we are not able to exclude a small

tetragonal distortion, which in fact means a bct

phase. Similar diffraction patterns were also ob-
served for 16 �A films but contrary to the 8 �A
films, very weak reflexes with sixfold symmetry



Fig. 2. The normalized intensity of the Au 69 eV and Co 777

eV Auger lines measured for the Au(0 0 1) substrate and the 8 �A

Co film, respectively, as the function of the primary beam

incidence angle along the [1 0 0] azimuth of the Au substrates.

The insets show the models explaining the expected peak

positions for the [1 0 0]fcc (top) and [1 1 0]bcc (bottom) azi-

muths.

Fig. 1. LEED patterns from the Au(0 0 1)-hex substrate (a) and

from the surface of the 8 �A Co film (b).
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additionally appeared after annealing at 300 �C. In
certain aspects, the growth of Co(0 0 1) films on
Au(0 0 1)-hex seen by LEED is similar to that of

Fe films on Au(0 0 1)-hex, for which Au floats on

top of the Fe film and promotes the layer-by-layer

growth [17,19,24]. A similar situation is plausible

also for the Co films, for which the Au surfactant

action might play also an important role in the

stabilization of the bcc phase. Recent energetics

calculations of Co adatoms on Au(0 0 1) indicate
that there is a preference for the Co atoms to be

embedded inside the substrate [25]. From the

LEED patterns it could not be excluded that

the Co films had a strained fcc structure, giving the

same pattern symmetry. However, taking into ac-

count that the fcc Co lattice constant is a0 ¼ 3:545
�A, the surface primitive unit mesh has sides

aS ¼ 3:545 �A=
ffiffiffi

2
p

¼ 2:506 �A giving the misfit
parameter f ¼ 13% with the Au(0 0 1) substrate

(a0 ¼ 4:078 �A, aS ¼ 2:884 �A), which is a rather

large value for the pseudomorphic growth.

To finally verify the film structure we performed

the DAES experiment. The intensities of the Au
69 eV Auger line for the Au(0 0 1) substrate and

Co 777 eV line for the 8 �A Co film measured as the

function of the primary beam (1.4 keV) incidence

angle along the [1 0 0] and [1 1 0] azimuths of the

Au substrates are shown in Figs. 2 and 3, respec-

tively. The angular distributions for the Au sub-
strate reflect typical features of the fcc lattice, with

the intensity maxima corresponding to the dense-

packed directions, as shown in the accompanying

structural models. The angular distributions mea-

sured for the 8 �A Co film clearly show that its

structure is bcc (or slightly distorted bcc). They

reveal for both azimuths all characteristic features

corresponding to the bcc structure of the Co films
with the main crystallographic in-plane cubic axis

rotated with respect to the fcc Au(0 0 1) substrate

by 45�, in agreement with the LEED patterns.

Additional weak maxima at 18� and 45� along the



Fig. 4. In situ STM images from the Au(0 0 1)-hex substrate (a)

and from the surface of the 8 �A Co film (b).
Fig. 3. The normalized Auger intensity of the Au 69 eV and Co

777 eV lines measured for the Au(0 0 1) substrate and the 8 �A
Co film, respectively, as the function of the primary beam

incidence angle along the [1 1 0] azimuth of the Au substrates.

The insets show the models explaining the expected peak

positions for the [1 1 0]fcc (top) and [1 0 0]bcc (bottom) azi-

muths.
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[1 1 0]bcc and at 35� along the [1 0 0]bcc azimuth

might be interpretable by a more rigorous model-

ing of the scattering process. Substrate-like max-
ima in the overlayer intensity angular distribution

can be also induced by back scattering effects or by

some degree of substitutional interfacial intermix-

ing. Although the system is thermodynamically

immiscible, the equilibrium considerations often

fail at the interfaces of ultrathin films, where ki-

netic effects become important. From the direc-

tional AES experiment the bcc structure is also
evident for the 16 �A films.

The film surface morphology was checked by in

situ STM. The STM images for the Au(0 0 1)

substrate and for the 8 �A (about 6 atomic layers)

film are shown in Fig. 4. As could be expected

from the strong background and broadened spots

in the LEED patterns, the surface of the Co films
appears grainy but rather flat––maximum only

three atomic levels are exposed. The lateral

dimensions of the grains are 50–100 �A and the

minimum step height is about 1.5 �A. The grains
have often elongated rectangular shapes, with the

rectangle sides oriented along Æ1 1 0æ directions of

Au. The STM images suggest an island growth

that is strongly influenced by the reconstruction

ridges of the Au substrate.

Magnetic properties of the bcc-Co films on non-

magnetic substrates have not been reported before.

Unfortunately, we were not able to characterize
the bcc-Co films in situ, and for the ex situ MOKE

measurements the films had to be protected with

an Au layer. However, we do not expect a change

in the film structure induced by the Au overlayer.

The LEED pattern proved that it was epitaxial

and showed the same reconstruction as the sub-

strate Au layer. Thus, it should play a stabilizing

role for the bcc-Co structure, similarly as the Fe
overlayer does [13].

Fig. 5 shows the longitudinal MOKE loops for

the 8 and 16 �A samples with the magnetic field



Fig. 5. Longitudal magnetooptic Kerr loops measure ex situ for

the 8 and 16 �A bcc-Co films on Au(0 0 1) covered with 5 nm of

Au.
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applied in the film plane along a Æ1 0 0æ direction of

bcc-Co, which showed up to be the easy one for

both samples. The samples are fully magnetized in

the remanent state and have very low coercive
field, which increases by factor 10 for the thicker

film. Such a behaviour, rather typical for ultra thin

films, is probably connected with the change of the

magnetization reversal process from the domain

nucleation mechanism to the domain wall move-

ment [26]. The Kerr intensity saturates in a field

comparable with the coercive field and especially

the thicker film shows a nearly square hysteresis
loop. Small in plane anisotropy is probably due to

the grainy film structure.
4. Conclusions

The metastable bcc-Co films can be stabilized at

room temperature by the molecular beam epitaxy
on Au(0 0 1)-hex at least up to 10 ML. The films

are pseudomorphic with the substrate and the

bcc-Co[1 0 0] in plane direction is parallel to the

fcc-Au[1 1 0] one. The room temperature growth

results in a relatively flat surface (only three atomic

levels exposed), displaying granular structures of
the monoatomic heights and the lateral dimensions

of several nanometers. Down to the smallest

investigated thickness (8 �A), the bcc Co films are

ferromagnetic at room temperature with the in

plane easy axis along the bcc-Co Æ1 0 0æ directions.
Stabilization of bcc-Co on the metallic Au

substrate opens unique possibilities of studying

relations between the structure and low dimen-
sional magnetism. Due to sharp magnetic inter-

faces, the system can be used for solving the

controversies that arose about the magnetic

properties of bcc-Co.
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