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BUFFER LAYER MORPHOLOGY EFFECTS ON THE
ORDERING OF EPITAXIAL FePd(001) THIN FILMS
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Abstract—The structural properties of thin FePd(001) films grown on MgO(100) substrates by UHV
triode-sputtering have been studied as a function of the morphology of the substrate/seed layer interface.
Changes in short range ordering are found to be correlated with the thickness of the Pt seed layer which
controls the interface morphology and the formation of order domains in the FePd alloy along the growth

direction. © 1998 Acta Metallurgica Inc.

1. INTRODUCTION

New nanostructured magnetic materials with extra-
ordinary properties such as giant magnetoresistance,
oscillatory magnetic coupling, or large perpendicu-
lar magnetic anisotropies can be synthesized in
single crystalline thin film form by means of epitax-
ial techniques such as molecular beam epitaxy
(MBE). Surface kinetics aspects related to the par-
ticular growth technique and growth conditions
used are very important for determining structural
and consequent physical properties of the nanos-
tructures. Obviously, an important factor for epi-
taxy is the compatibility of substrate lattice
parameter and crystal symmetry with that of the
grown layer. However, many recently published
results show also the determinant role of the specific
properties of the substrate/epitaxial layer interface.
In particular, in order to grow crystalline metallic
magnetic films on insulating substrates of techno-
logical impact like semiconductors or oxides, an
appropriate conditioning or buffering of the inter-
face is necessary.

Several substrates are used for growing metallic
thin films, like oxides, such as MgO, zirconia or
sapphire. Many of these materials have typically big
terraces on which a seed layer of a metal is grown
at a certain temperature, to obtain a flat, single
crystalline material. For example, Lairson ez al. [1]
have shown that single crystalline Pt thin films with
different orientations can be grown by planar mag-
netron sputtering onto heated substrates. They have
found that under their growth conditions, a 0.3 nm
Fe layer grown onto MgO prior to deposition of Pt
yields to (001) epitaxial films with no (111) orien-
tations. On the other hand, Mclntyre et al. [2,3]
find that e-beam evaporated Pt films have a mixture
of crystallites having (111) and (001) orientation
over a range of substrate temperatures from 25 to
700°C, with the (111) orientation dominant at low
substrate temperatures. This epitaxial growth is also

found in MBE Pt (001) films grown at 700°C on
MgO(100) [4]. It is obvious that the strength of the
interfacial chemical bond is important in the kind
of growth of a metal on a ionic crystal, and it has
been compared for the Au/MgO vs Au/NaCl
system [5].

Once the seeding epitaxy technique for metals is
controlled, the study of many materials systems
with different crystalline orientations and structures
can be performed. For the magnetic materials, and
both from the basic research and technological
points of view, research in systems exhibiting both
high magnetocrystalline anisotropy and magneto-
optic effects is of great importance. Chemical order-
ing is a relevant topic in the study of metallic
binary alloys in which one of the constituents is
magnetic. New magnetic properties, such as strong
magnetic anisotropies or enhancement in the mag-
neto-optical activity, are predicted [6] and observed
in the presence of an ordered phase [7-13].

Ordering in polycrystalline or single crystalline
bulk samples is usually obtained by prolonged
annealing of disordered alloys, making use of bulk
atomic diffusion. Examples of alternative pro-
cedures are the annealing of multilayered samples [8]
or the atomically controlled MBE deposition of
alternating species [9-11]. In the same way as in the
fabrication of semiconductor ordered alloys, code-
position of the elements at elevated substrate tem-
peratures can lead to highly ordered, single
crystalline metallic alloys {7,12,13). Direct depo-
sition on MgQ does not lead to an ordered
phase [13]. The interface has to be modified by add-
ing a Pt seed layer to allow the correct epitaxy.

In our particular case, FePd alloys are known to
adopt the ordered CuAu (I) structure. It consists of
monoatomic planes of pure Fe and Pd stacked
along the (001) direction in a face centered cubic
lattice, in contrast to the disordered phase that is a
solution of randomly positioned Fe and Pd atoms
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on a fcc lattice. We have observed that cosputtered
FePd(001) ordered alloys can be obtained in the
CuAu (I) structure and show perpendicular mag-
netic anisotropy as a consequence of this
ordering [13]. We will show here how the mor-
phology of the buffer layer, and therefore its inter-
face with the substrate and the film, strongly
determines the structure of the alloy grown on top.

2. EXPERIMENT

The deposition of the films was performed in a
UHV triode-sputtering system with a load-lock
entry. The basc pressure was in the low 107~ Pa
range and the Ar pressure during deposition was
4x 1072 Pa. Deposition rates were around 0.01-
0.03 nm/s, depending on the target. The structure of
the films was checked in situ with Reflection High
Energy Electron Diffraction (RHEED) and ex situ
with X-ray diffraction (XRD) using Cu Ko radi-
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ation. Atomic Force Microscopy (AFM) has been
used to characterize the morphology of the Pt seed
layers in air. The nominal composition was deter-
mined by careful calibration of the targets sputter-
ing rates and checked by electron micro-probe,
confirming the equiatomic ratio within an error of
~5%. The resulting thicknesses were cross checked
using a profilometer.

The samples were grown on polished MgO(100)
single crystals purchased from  Marketech
International, with a maximum misorientation of
0.5° and a RMS roughness of 0.4 nm. Substrates
were cleaned in successive ultrasonic baths of tri-
chloro-ethane, acetone and methanol. After being
transferred to UHV, the MgO substrates were
annealed at 700°C for several hours using a resistive
heater. Pt seed layers of various thickness (5, 15, 30
and 45 nm) are first grown at 700°C. Following, a
100 nm thick FePd film is grown on top of the Pt
at 500°C by codeposition of Fe and Pd from inde-
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Fig. 1. RHEED patterns along [100] and [110] directions of (a) 10 nm Pt/MgO(100) and (b) 100 nm
FePd/10 nm Pt/MgO(100).
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Fig. 2. Topographic AFM image (tapping mode operation) of Pt on MgO. (a) for a thin film of nomin-
ally 5nm thickness. Notice the disparity of grain sizes. (b) For a nominal thickness of 45 nm. The
resulting pattern is due to the coalescence of the individual grains shown in (a).
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pendent targets both pointing to the sample.
Finally, a 5 nm Pt capping layer was grown on top
at room temperature to avoid oxidation of the film
once exposed to air.

3. RESULTS AND DISCUSSION

Figure 1(a) shows RHEED patterns along [100]
and [110] azimuths for a representative 10 nm Pt/
MgO film. Sharp and intense stripes indicate the
single orientation relationship adopted by the film.
High quality RHEED patterns are also obtained
for the FePd films grown on the Pt seeds, as shown
in Fig. 1(b). It is important to note that the quality
of these patterns is independent of the Pt seed
thickness, therefore in all cases we have the growth
of single crystalline high quality films.

Figure 2(a) shows a topography AFM image of a
nominally 5am Pt film grown on MgQO at 700°C.
The Pt film is not continuous, but formed by many
square shaped Pt islands aligned along the main
crystallographic directions of the substrate. The
sides of these islands are oriented parallel to the di-
agonals of the picture frame. Two kinds of Pt
grains are observed: small islands of 3 nm height
and 15 nm width, and bigger grains of 8 nm height
and 50 nm width. The morphology of the seed layer
changes when the Pt thickness is increased. In a
nominally 15 nm thick Pt film, most of Pt islands
are on average 190 nm wide and 27 nm high, coex-
isting with a few small islands. Nevertheless, we do
not observe complete continuity of the film, the per-
centage of covered surface being about 70%. With
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increasing Pt thickness, a 30 nm Pt film shows even
bigger islands and more coalescence. The average
island side size is 290 nm and the height of these
islands of the order of 38 nm. The surface of this
film is very flat and about 87% of the substrate is
covered by Pt. Further deposition of Pt produces
almost full coverage of the MgO, with very large
flat areas. Figure 2(b) shows an AFM image of a
45 nm Pt film that covers 95% of the substrate sur-
face and is 42 nm high on average.

Figure 3 shows symmetric XRD scans for three
different FePd samples all grown at 500°C onto Pt
seed layers of 5, 15 and 45 nm thickness. Important
changes are observed correlated with the thickness
of the Pt film. In the sample grown on 5nm P,
both MgO0(200) and FePd(002) peaks are observed,
together with a broad shoulder about the region
where the Pt(200) is expected. The lattice par-
ameters of the bulk ordered FePd phase are
¢ = 0.3731 nm and a = 0.385 nm, neither of which
corresponds to the 0.3792nm deduced from the
position of the FePd peak. The presence of a
FePd(001) peak is only possible if chemical order is
obtained. The observation of a weak and broad
(001) peak indicates a small degree of chemical
order in this sample.

In the scan corresponding to the sample grown
on a nominally 15nm Pt film, two important
changes are present. Now the Pt(200) is clearly
observed, but giving a vertical spacing of
0.3894 nm, slightly different from the bulk value
(0.392 nm). On the other hand, the FePd peaks
appear shifted with respect to the peaks for the
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Fig. 3. Symmetric XRD scans for three FePd films grown on Pt buffer layers of different thicknesses
{vertical scale is logarithmic in arbitrary units).
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sample grown on 5 nm Pt, leading to a vertical spa-
cing of 0.3686 nm, which is smaller than the bulk
value. Now, the (001) peak is more intense and nar-
rower, indicating a higher degree of ordering.
Finally, the scan for the sample grown on 45 nm Pt
shows the three MgO, Pt and FePd peaks again.
The Pt(200) is already in its bulk position and the
FePd(002) has shifted even more to the shortest out
of plane lattice parameters (0.3676 nm). Again, the
FePd(001) peak indicates that the FePd alloys
grown is chemically ordered.

Since the FePd(001) peaks are originated only by
chemically ordered areas, an estimation of the size
of such ordered domains can be calculated applying
the Scherrer equation [15] to the width of those
peaks. We obtain in this way a domain size of
34 nm for the samples grown both on 15 and 45 nm
Pt and 11.5 nm for the sample grown on S nm Pt.

It is a well known fact from epitaxial growth of
metals or semiconductors that surface morphology
controls, through the density of terraces and steps,
the growth kinetics. In the case of 15nm Pt seeds
and thicker, a continuous and flat (001) oriented Pt
seed layer will favor the predominance of the long
range order along the [001] growth direction as
determined from the width of the FePd(001) peak.
In the same way, we observe that a rough and dis-
continuous Pt seed layer, as obtained for a 5 nm of
Pt, will preclude the appearance of long range
order. It has been shown [I1-3] that growth on
MgO(100) of single oriented Pt(100) films is only
possible at high temperatures and we have demon-
strated in this work that it does not necessarily pro-
duce a continuous film. This shows the problem
faced when trying to grow epitaxially metals on
some insulators. Here we observe that also growth
on MgO(100) of FePd(001) leads to a more disor-
dered structure. Therefore, by changing the thick-
ness of the Pt seed layer we observe a transition in
the formation of short range order in the case of
discontinuous Pt films to long range order for
thicker and more continuous Pt films. As a conse-
quence, the order domain distribution will deter-
mine the magnetic anisotropy of the FePd alloy.
We have observed a large perpendicular magnetic
anisotropy on samples grown on thick Pt seed
layers and in-plane anisotropy on alloys grown on
discontinuous Pt seed layers [13].
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4. CONCLUSIONS

The role of a Pt seed layer at the interface
between an MgO substrate and epitaxial FePd
layers has been clarified by means of a detailed
AFM and XRD study: in order to obtain long
range order in the FePd alloy along the growth
direction and consequently a large perpendicular
magnetic anisotropy, the Pt seed layer must show
coalescence and offer flat and large terraces on the
(001) surface to promote the appropriate growth
kinetics.
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