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We investigate the spin-dependent transport proper-
ties of ferromagnetic-semiconductor GaMnAs-based
lateral spin-valve devices with/without a gate elec-
trode. Our devices are composed of a Hall-bar struc-
ture of a GaMnAs layer, and the drain and source
electrodes are separated by a narrow trench, which is
made by milling the GaMnAs layer. The characteristic
of the drain current Ip — drain voltage Vps shows non-
linear behavior, which suggests that a thin depleted
GaMnAs layer still remains between the source and
drain and has a role of a tunnel barrier. Large mag-
netoresistance (MR) ratios up to 10% are obtained.
The magnetic-field-direction dependence of the MR
curve is different from that of anisotropic magnetore-
sistance of GaMnAs, which confirms that the MR
signal originates from the spin-valve effect. Further-
more, we successfully modulate Ip by the gate electric
field in a different GaMnAs lateral spin-valve device.

1. Introduction

Spin metal-oxide-semiconductor field-effect-transistors
(spin MOSFETSs), whose source and drain are composed
of ferromagnetic materials, are promising candidates for
post-scaling era [1]. In the previous studies of spin
MOSFETSs, however, the magnetoresistance (MR) ratios
reported so far were less than 1% [2, 3]. To improve the
MR ratio for practical applications, it is necessary to use
ferromagnets that are compatible with semiconductors for
the suppression of spin scattering at the interfaces. The
ferromagnetic semiconductor GaMnAs is one of the ideal
model materials; we can obtain an atomically abrupt in-
terface between GaMnAs and GaAs. In fact, we have
recently obtained a large MR ratio up to 60% in a GaM-
nAs-based vertical spin MOSFET [4]. However, the
modulation ratio of Ip was only 0.5%. In this study, to
obtain both large MR and large o modulation by gate
voltages, we have fabricated GaMnAs-based lateral
spin-valve devices with/without a gate electrode and in-
vestigated their spin-dependent transport properties.

2. Experiments

The sample is composed of Gag.eaMno.esAs (25 nm) /
GaAs (100 nm) grown on a semi-insulating GaAs (001)
substrate by low-temperature molecular beam epitaxy.

After the growth, Hall-bars, whose size is 50 um (width)
x 200 um (length), were formed by standard photoli-
thography and wet etching. Then, a narrow trench, whose
nominal width d is 200 nm, was formed across the
Hall-bar by using electron beam lithography and Ar ion
milling to separate the source and drain electrodes [Fig.
1(a)]. The depth of the trench was about 20 nm.

As shown in Fig. 2, nonlinear drain current Ip — drain
voltage Vps characteristic was obtained at 3.5 K, which
suggests that a thin depleted GaMnAs layer still remains
between the source and drain and has a role of a tunnel
barrier [Fig. 1(b)]. Figure 3 shows the MR curves ob-
tained with various in-plane magnetic-field directions at
Vps=100 mV and at 3.5 K. Here, the MR ratio is defined
as [R(H) —R(H =0)]/ R(H = 0) x100 (%), where R and H
correspond to the tunnel resistance and magnetic field
applied along the in-plane channel direction. Large MR
ratios up to 10% were obtained. The MR ratio of the de-
vice remained positive for all in-plane magnetic-field
directions, which confirms that this signal does not
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Fig. 1 (a) Schematic cross-sectional structure of the
GaMnAs-based lateral spin-valve device investigated
in this study, which is composed of Gag.9aMng gsAs (25
nm) / GaAs (100 nm) grown on a semi-insulating
GaAs (001) substrate. (b) Expected band diagram of
the GaMnAs-based lateral spin-valve device along the
source-channel-drain direction.
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Fig. 2 Drain current (Ip) as a function of the drain-source
voltage (Vps) of the GaMnAs-based spin-valve device at
35K.
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Fig. 3 MR ratio as a function of the in-plane magnetic
field applied along the [110] (a), [110] (b), [100] (c),
and [010] (d) axes at 3.5 K with Vps = 100 mV. The
black and red plots correspond to a major loop and the
green plots to a minor loop. The green arrows show the
magnetic field sweep direction of the major and minor
loops. The MR ratio amounted to about 10%.

originate from anisotropic magnetoresistance (AMR) but
from the spin-valve effect. Furthermore, we have fabri-
cated a lateral spin MOSFET structure with d = 100 nm
as shown in Fig. 4 (a) and successfully modulated Ip by
applying the gate voltage Ves [Figs. 4(b)-(d)]. We have
successfully achieved a large gate modulation ratio [= (Ip
(Ves=-3V) -Ip (Ves =3 V)) / Ip (Ves = 3 V) x100 (%)]
about 10% at Vps = 350 mV.

3. Summary

We have fabricated GaMnAs-based lateral spin-valve
devices with/without a gate electrode and investigated
their spin-dependent transport properties. We obtained
large MR ratios up to ~10%. The magnetic field direction
dependence of the MR curve is different from that of
AMR, which confirms that our signal originates from the
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Fig. 4 (a) Schematic sample structure of the GaM-
nAs-based lateral spin MOSFET device with a gate
electrode. (b), (c), (d) Ves dependence of Ip with the
drain voltage Vps of 350 mV (b), 300 mV (c), and 250
mV (d) at 3.5 K when d is 100 nm.

spin-valve effect. Furthermore, we fabricated GaM-
nAs-based lateral spin MOSFET structures, which are
suitable for efficient gate electric-field modulation, and
successfully achieved the gate modulation ratio of Ip of
~10%.
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