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Growth and Magnetic Properties of Epitaxial Fe(100) on S-Passivated GaAs(100)
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This paper proposes a new technique for the epitaxial growth of Fe on GaAs(100) which eliminates
the problems of substrate interdiffusion through the overlayer. S-passivation of the GaAs(100) surface
prior to Fe overgrowth is shown to be an effective way of inhibiting the interdiffusion of As and Ga into
the Fe overlayer. The resulting Fe layer is found to grow in a bcc (100) orientation and is ferromagnetic
for coverages )4 monolayers.

PACS numbers: 68.55.Jk, 68.35.Fx, 75.70.Ak

The growth of magnetic overlayers and multilayers
on semiconductors has attracted considerable attention
due to the potential for integrating the desired properties
of magnetic thin film systems with computer circuitry.
In particular, magnetic multilayer systems composed of
alternating layers of magnetic and nonmagnetic materials
can exhibit magnetic properties which differ significantly
from those of the corresponding bulk materials due to
interfacial effects and low dimensionality [1]. One such
property is the giant magnetoresistance (GMR) effect,
whereby the electrical resistance of a sample can be
significantly changed by the application of a magnetic
field. This is of practical interest due to applications
in high density magnetic storage devices and magnetic
sensors.

However, in practice, the growth of transition metals
on semiconducting substrates is problematic, generally re-
sulting in the intermixing of the semiconducting elements
with the overlayer and often resulting in disordered over-
layers. The possibility of growing Fe overlayers on GaAs
is particularly promising due to the low lattice mismatch
(1.3% with 2 Fe atoms per substrate surface atom) of
the system and the observation that antiferromagnetically
coupled Fe layers can exhibit the giant magnetoresistance
effect. Previous studies on this system indicate that bcc
Fe grows epitaxially on GaAs(100) for thicknesses up to
300 A. However, the Fe film is not fiat, and As is inter-
mixed with the Fe film as well segregated on the surface
[2—4]. This As interdiffusion is believed to be the cause
of a dramatic reduction of the magnetization of the Fe
overlayer on the GaAs(100) surface [4].

The growth of an Ag buffer layer on the GaAs substrate
prior to the Fe deposition has been utilized to stop the
As interdiffusion [5]. The use of an Ag buffer layer
introduces difficulties in that the buffer layer (typically
&100 A) induces the tilted growth of the Fe overlayer as
well as acting as an electrical shunt. The presence of this
shunt requires that the magnetic structure be impedance
matched to the buffer layer. This would require the
growth of thick magnetic superlattices, which presents
further problems, as it is difficult to maintain a high

quality of growth for thick samples at the relatively low
temperatures required to avoid interface interdiffusion
between the magnetic and nonmagnetic layers.

In this paper we propose an alternative solution, ex-
amining the growth of Fe overlayers on a S-passivated
GaAs(100) surface. To our knowledge this is the first ex-
ample of the utilization of surface passivation of the semi-
conductor substrate as a means of inhibiting the diffusion
of semiconductor Inaterial into a transition metal over-
layer. Surface passivation of semiconductors has been
well established as a way of improving the electrical
properties of devices [6,7]. Various semiconducting films
have been grown on passivated semiconductor surfaces
[8—10], mostly in attempts to create quantum confinement
systems and lasers. Aluminum has also been grown on
S-passivated GaAs(100), and it has been suggested that
the S hinders chemical reaction between Al and the sub-
strate [11). However, to date there have not been any
attempts to grow transition metals epitaxially on such a
passivated substrate.

In this investigation we examined the growth of Fe on
S-passivated GaAs(100) with Auger electron spectroscopy
(AES), angle resolved AES (ARAES), low energy elec-
tron diffraction (LEED), static secondary ion mass spec-
trometry (SSIMS), and surface magneto-optic Kerr effect
(SMOKE) measurements. We will show that bcc Fe(100)
grows epitaxially on this substrate, with part of the
S layer Aoating out as an ordered overlayer on top of the
Fe film. Diffusion or segregation of As is not observed.
The Fe film is shown to be ferromagnetic for Fe coverages
as low as 4 monolayers (ML). Possible mechanisms for
the inhibition of As diffusion by the S overlayer are also
discussed.

The experiments were carried out in a diffusion
pumped UHV chamber (the base pressure is less than 1 X
10 'o torr) which is connected to a turbo-pumped
UHV load-lock chamber (base pressure 2 x 10 '~ torr)
equipped with a remote sample transfer arm. The cham-
ber is interfaced, via a two stage differential pumping
station, to a 2.5 MV Van de Graaff accelerator which
can be utilized for ion beam measurements. The main
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growth and analysis chamber is equipped with an Fe
evaporation source, a four-grid retarding field analyzer for
LEED measurements, a CLAM electron energy analyzer
(Fisons Instruments) for AES and ARAES measurements,
and a SSIMS system consisting of a Hiden quadrupole
mass spectrometer and a Kimball Physics Cs+ ion gun.
The LEED images were collected with a charge coupled
device camera from the LEED screen and recorded on
video tape. The videocassette recorder is interfaced to
a computer system, allowing subsequent analysis of the
LEED spot intensities and widths. The load-lock chamber
is equipped with a SMOKE apparatus for in situ magnetic
measurements.

The substrates utilized in this investigation were
cut from n-type GaAs(100) single crystal wafers from
Bertram laboratories. The substrates were prepared
by first rinsing in hot (—320 K) methanol, and then
treating for 20 min in an aqueous (NH4)2S solution at
340 K. After this treatment the samples were rinsed
with running deionized water and static methanol, blown
dry with He, and introduced into the load-lock system.
Samples prepared in this manner are known to have
1 ML of bridge bonded S on the surface [12,13], and
are remarkably stable against oxidation by air. A new
substrate was utilized for each experiment.

The as-prepared wafers exhibited a poor (1 X 1) LEED
pattern, and AES measurements indicated the presence
of S, Ga, As, and trace amounts of C. After annealing
to 72() K for -20 min, a sharp (2 X 1) LEED pattern
(the reconstruction is due to the dimerization of adjacent
S rows [14—16]) was observed and the C contamination
was removed. The AES S level was monitored during
annealing and it indicated that there was no loss of S
during the anneal, in agreement with the observations
of a previous study [17]. The Fe was deposited from a
homemade liquid nitrogen shrouded sublimation source
onto the substrate held at room temperature, at a rate of
1.6 ML/min [where 1 ML corresponds to the Fe(100)
surface density]. The Fe coverages were determined via
a Rutherford backscattering calibration of the evaporation
rate onto an Al substrate [18].

The LEED pattern was monitored as Fe was deposited,
and the spot intensities for two different spots at
117 eV are presented in Fig. 1. Initially, the
S/GaAs(100)-(2 X 1) pattern was observed to fade
while the diffuse background increased significantly,
indicating the presence of a disordered interface. By
about 3 ML of Fe deposition in a LEED pattern from
the Fe overlayer was fist observed. The pattern was
aligned in the expected manner with the principal crys-
tallographic directions of the overlayer being identical
to those of the substrate, indicating that the bcc Fe(100)
grows epitaxially on the S/GaAs(100) substrate. The
spot intensities were then observed to increase rapidly as
further Fe was deposited, and they began to level off at
an Fe coverage of about 7 ML. Visual examination of
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the spot intensity maxima as a function of beam energy
showed good agreement with the I(V) curves of c(2 X 2)
S/Fe(100) [19] (and are significantly different from
those for clean Fe(100) [20]), suggesting that part of the
S passivation layer is Aoating out as an ordered overlayer.
S segregation has been confirmed by AES measurements
as will be discussed below.

The LEED spots from the Fe overlayer initially were
broad, but sharpened to a minimum width between 6 and
12 ML coverage. Further deposition of Fe resulted in a
slight broadening of the spots, indicating a reduction in
the quality of epitaxy. The widths of the Fe overlayer
spots are comparable to those of the substrate before
Fe deposition for energies (120 eV. At higher energies,
however, the overlayer spots were significantly broader
than those of the substrate, suggesting that the long-
range order is not uniform through the entire thickness
of the film. The half-order spots, which are due to the
S overlayer, were significantly less intense and broader
than those from the Fe, indicating that the S overlayer is
less well ordered.

ARAES, which has proven to be a powerful tool for
characterizing the local structure of overlayer systems
[21], was utilized to examine the Fe overlayer. The
ARAES scans of the Fe overlayer [18] show that the
Fe is growing on a bcc (100) structure on S/GaAs(100).
The first forward focusing peaks are observed between
1 and 1.5 ML Fe coverage, with all of the expected
maxima for a bcc lattice being observed by 2 ML. This
indicates that the growth of Fe is proceeding by a three-
dimensional mechanism, at least in the initial growth
region. In addition, while the interfacial region may be
disordered in terms of long-range order, there is still order
in the short-range bonding geometry.
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FIG. 1. The spot intensities for two LEED spots during Fe
deposition. The circles represent the (1, 1) GaAs and (1,0) Fe
spots, while the squares represent the (1,0) GaAs and (2, 2)
S/Fe spots.
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sufficient to prevent the development of ferromagnetism.
At an Fe coverage of 4 ML a clear ferromagnetic hysteresis
loop can be observed. As the Fe coverage is increased fur-
ther, the hysteresis loop continues to increase in strength.
The coercivity of the Fe overlayer was found to vary with
the thickness of the Fe film. The values were found to be
approximately 3 Oe for 4—6 ML and 7 Oe for 8—20 ML
Fe overlayers, respectively. These values are lower than
the 25 Oe observed for 100—150 A Fe overlayers grown
on clean GaAs(100) [24]. This discrepancy is likely due
to either the greater film thickness in Ref. [24] (reducing
the quality of the overlayer) or to the effects of As inter-
diffusion in the Fe overlayer.

In summary, we have demonstrated a new procedure
for the growth of Fe on S-passivated GaAs(100) which
inhibits the diffusion of As through the overlayer by the
S acting as a surfactant. An epitaxial bcc Fe(100) film
can be grown, its surface being stabilized by the continual
segregation of about 70% of the S in a c(2 X 2) ordered
overlayer. The samples exhibit ferromagnetic behavior
for Fe coverages )4 ML. The low coercive force of these
films is evidence for high quality epitaxy.
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