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Magnetic and electrical properties of zincblende CrAs*

Chen Peng(F% M)» T and Takamura K

a) SouthWest University, Department of Physics, Chongging 400715, China
b) Research Institute of Electrical Communication, Tohoku University, Sendai, Japan

(Received 17 March 2007; revised manuscript received 3 December 2007)

This paper reports that 9nm zincblende CrAs is grown by molecular-beam epitaxy on InAs buffer layer. The

zb-CrAs shows ferromagnetism at room temperature and the total magnetic moment 3.09+0.15 pup per CrAs unit. The

temperature dependence of zb-CrAs resistance R shows metallic behaviour.
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1. Introduction

The emerging field of spintronics!™? has provided
a strong motivation towards the fabrication of novel
magnetic materials. A strong interest has been fo-
cused on the so-called half-metallic ferromagnets, i.e.
metallic compounds for which either the majority or
minority spin-channel presents a gap at the Fermi
level. It is expected that the fully spin-polarized fer-
romagnetic films improve the performance of spin-
dependent devices like a spin filter and a spin injection
pad.[3=8] A lot of half-metallic ferromagnets have been
theoretically predicted and some of them furthermore
have been confirmed experimentally.®=12! In particu-
lar, researches on making a connection between mag-
netic materials and semiconductors are focused be-
cause of the high possibility of giving several devices.
The development of a growth technique by molecu-
lar beam epitaxy (MBE) also has promoted an ad-
vance in epitaxial growth of magnetic thin films on
semiconductor substrates. Novel half-metallic ferro-
magnets compatible with ITI-V semiconductors, i.e.
zinc-blende structure MnAs, CrAs, and CrSb, have
been designed theoretically on the basis of ab initio
density-functional calculations.!'3~15] These materials
have been successfully grown on III-V semiconduc-
tors by MBE and they have been confirmed to exhibit
ferromagnetic behaviour at room temperature.16-18l
The equilibrium crystal structure of MnAs, CrAs, and
CrSb is of the NiAs type.l'¥ This structure does not

lead to half-metallicity.?°~24 The zinc-blende (zb)

structure can only be obtained by the epitaxial growth
on semiconductors. Akinaga et all'® grew CrAs on
GaAs substrates and found CrAs to be a ferromag-
net having a Curie temperature higher than 400 K.
The experimental results were complemented by ab
initio electronic structure calculations showing that
the magnetic moment was 3 ug.

However, the critical thickness of zb-CrAs to
maintain a continuous epitaxial relationship between
GaAs is below 3nm before.!'6:2] When a thicker film
than 3nm was grown, an unrecognized pattern ap-
peared in the reflection high-energy electron diffrac-
tion (RHEED). Many multilayers show a critical
thickness of layer where a transition from the strained
structure on substrate to a normal bulk structure

26,27 The stabilization and critical thickness of

occurs.
strained phase in these multilayers are thermodynam-
ically considered.?8=3% The critical thickness 3nm of
zb-CrAs restricts the understanding and application
of this new half-metallic material. In this work, we
have increased the thickness of zb-CrAs layers to 9 nm
on InAs buffers employing MBE, and study the mag-
netic and electrical properties of zb-CrAs. Galanakis
concluded that zb-CrAs grown on InAs remains half

metallic.[3Y

2. Experimental details

Epitaxial growth of sample 1 with struc-
ture CrAs(9nm)/InAs(800nm)/ GaSb(500 nm)/AlSb
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(100 nm)/GaAs(50nm) was performed in a MBE
chamber on insulating GaAs (001) substrates.
The complex template InAs(800nm)/ GaSb(500 nm)
/AISb(100nm)/GaAs(50nm) was grown in order to
become a zb structure InAs with smooth surface. Sur-
face reconstruction was monitored by RHEED during
growth. After desorption of the oxide layer on a GaAs
substrate at Ty = 580°C, a 50nm thick GaAs buffer
layer was grown at 560°C. 100nm AlSb and 500 nm
GaSb were grown at Ty = 540°C, and the RHEED pat-
tern transformed from streaky (2x4) to (1x3). 800 nm
InAs was grown at Ty = 430°C. The RHEED pattern
transformed from streaky (1x3) to (2x4), which in-
dicates streaky (2x4) InAs with smooth surface. Ty
was lowered to 210°C, and the substrate temperature
T, was kept at 210°C one hour. Then the CrAs was
grown at 210°C with a growth rate of about 0.02 nm/s.
Clear streaky (1x2) RHEED pattern was observed
(Fig.1), and the symmetry of the intensity fluctuation
shows the zb crystal structure. After 450 seconds, the
streaky RHEED pattern shows an unknown phase and
a twin-structure appeared, which indicates the critical
thickness (about 9nm) of the zb-CrAs thin film. The
critical thickness (about 9nm) of the zb-CrAs thin
film grown on InAs is more than that (3nm) of zb-
CrAs thin film grown on GaAs.['®! The critical thick-
ness enhancement of zb-CrAs should be related to the
lattice mismatch between stable zb-CrAs and InAs
or GaAs. According to consideration of the critical
thickness in other multilayers, the smaller lattice mis-
match between the stable phase and substrate leads
to thicker strained phase.?=3% The lattice constant
of InAs is 0.605 nm, while the lattice constant of GaAs
is 0.565 nm. It is theoretically predicted that zb-CrAs
is stable with lattice constant about 0.585nm. The

Fig.1. RHEED pattern of CrAs grown on InAs, which was
taken with the electron-beam incidences along [110] GaAs
directions.

lattice mismatch 3.41% between the stable zb-CrAs
and InAs is smaller than that 3.54% between the sta-
ble zb-CrAs and GaAs, and zb-CrAs on InAs is more
stable than that on GaAs.['® In addition, the ener-
getic increase of atoms by strain (zb-CrAs on InAs)
is smaller than that by press (zb-CrAs on GaAs) due
to the dissymmetrical potential function of atoms. So
the critical thickness of zb-CrAs on InAs is larger than
that of zb-CrAs on InAs. For comparison, sample
2 with structure InAs(800nm)/ GaSb(500nm)/AlSb
(100 nm)/GaAs(50 nm) was grown in a MBE chamber
on insulated GaAs (001) substrates.

3. Results and Discussion

Figure 2 presents the atomic force microscopy
(AFM) image of sample 1. The surface of sample 1 is
smooth except for holes and the average roughness is
3.2nm, which is consistent with the streaky RHEED
pattern of sample 1.
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Fig.2. AFM image of CrAs grown on InAs.

Magnetization measurements of sample 1 were
carried out by using a superconducting quantum inter-
ference device (SQUID) magnetometer. The magnetic
field dependence of magnetization at 5K and 300 K
were shown in Fig.3. Saturation magnetization at 5 K
(Fig.3) of the samples suggest the total magnetic mo-
ment 3.09 + 0.15 pup per CrAs unit, which agrees well
with the theoretical prediction 3up and other experi-
mental results.!'® The error bar of total magnetic mo-
ment is due to the area estimation uncertainty. The
hysteresis loop at 300K (Fig.3) shows clearly ferro-
magnetism at room temperature. The temperature
dependence of magnetization (Inset of Fig.3) indicates
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that the Curie temperature of CrAs is higher than
400K. The coercive fields are 6400 A/m at 5K and
4800 A /m at 300 K. The remanence is 6.2 x 10~° emu
at 5K and 4.1 x 10~°emu at 300 K. The magnetic
properties of zb-CrAs on InAs are analogous to that
of zb-CrAs on GaAs.
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Fig.3. Magnetic field dependence of magnetization of
CrAs grown on InAs at 300K and 5K. Inset shows the
temperature dependence of magnetization under magnetic
field 4000 A /m.

The resistance R was measured by using four
points probes on the surface of sample. The tempera-
ture dependence of resistance R of sample 1 is shown
in Fig.4. R increases with the increase of tempera-
ture from 5K to 300K, which indicates metal char-
acter of sample 1. For comparison, the temperature
dependence of resistance R of sample 2 was shown in
inset of Fig.4, in which R decreases with the increase
of temperature from 5K to 300 K. So the tempera-
ture dependent character of resistance R of sample 1
(Fig.4) is due to zb-CrAs layer. That is to say, zb-
CrAs shows metallic behaviour. The usual expression
for the temperature dependence of resistance for met-
als and alloys can be described by the Matthiessen
rule R(T) = Ry + CT™. A plot of In(R — Ry) as a
function of In(7T") will yield the power-law parameter
n (Fig.5). For temperature T' < 50K, the resistivity
behaves according to R-T2? power law. It is known
that, in the case of ferromagnetic elements such as
Fe, Co and Ni, the resistivity usually has a term pro-
portional to T2 at low temperature, which is ascribed
to inelastic electron-phonon scattering from vibrating
impurities. Above 200K, the resistivity dependence

transforms from 722 dependence to an almost purely
phononic linear dependence n = 0.93.
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Fig.4. Temperature dependence of electrical resistance for
sample 1. Inset shows the temperature dependence of elec-
trical resistance for sample 2.
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Fig.5. In (R— Ryp) as a function of In (T) for sample 1 re-
sistance data. The slope of this curve corresponds to the
power-law exponent n if we assume the functional form
R(T) = Ro + CT™.

4. Conclusion

We have grown 9nm zb-CrAs on InAs, which is
thicker than reported critical thickness 3nm of zb-
CrAs on GaAs.['%] The zb-CrAs shows ferromagnetism
at room temperature and the total magnetic moment
3.09 + 0.15 ug per CrAs unit. The temperature de-
pendence of zb-CrAs resistance R shows metallic be-
haviour.
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