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Half-metallic properties in Co,MnSi thin film grown by molecular beam epitaxy
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Analysis of microstructure and transport properties in Mn2CoAl Heusler alloy

Z.Chen, X.Xu, Y.Sakuraba, W. Zhou, J. Wang, T. Nakatani, K.Hono
(Research Center of Magnetic and Spintronic Materials, NIMS)

1. Introduction

A spin gapless semiconductor (SGS) is a new type of material in spintronics which is predicted to have a band gap in one
of the spin channels and a zero band gap in the other, allowing novel spin transport functionalities such as carrier spin-
polarization tunability by electric field [1]. Recently, various SGS materials have been reported in the group of Heusler
compounds. Mn,CoAl is most widely studied SGS material, which was reported to exhibit SGS-like behavior in a bulk
sample [2]. However, such SGS-like properties have not been reproduced in thin films [3][4]. We have already noticed
that the phase separation often happens in Mn,CoAl thin films made by a sputtering method, therefore, we could not
observe the transport properties arising from SGS such as low carrier density and positive MR ratio at low temperature.
Since no one has ever investigated how the composition, atomic ordering and microstructure affect the transport properties
in Mn,CoAl, in this study we fabricated bulk Mn,CoAl with different composition to carry out systematic investigation
and find out what the critical factor to determine SGS properties is.

2. Experiment

Mn,CoAl bulk alloy was prepared by arc melting Mn, Co, and Al high purity metals. The initial ratio of materials was
Mn:Co:Al=50:25:25. The alloy buttens were annealed at 1100°C for 72h, then quenched in ice water. According to the
result of ICP, the composition of the bulk was determined to be Mn.71Co27Als9 (at%), the Mn is less than stoichiometry.
XRD is used to detect the structure. Conventional Van der Pauw method was used to measure temperature dependence of
electric resistance, Hall effect and MR ratio in bulk MCA by PPMS. Microstructure of the samples was carefully
investigated by SEM, TEM, 3D atom probe and EDS.

3. Results and Discussion

XRD result shows a diffraction pattern arising from single phase MCA and clear (111) super lattice peak, suggesting the
presence of either L2, D03 or XA ordering. Curie temperature was 827K, which did not change by annealing. Temperature
dependence of resistivity shows semiconducting behavior. The carrier density as 2.17 x 10%2cm™3 at 10K, and 2.73 X
10%2¢m™=3 at 300K, are much higher than reported for a bulk (10%7) and a thin film (102°). The result of MR ratio has
the similar trend as the reported for the bulk [4], positive at low temperature. However, the MR ratio was only 0.12% at
10K, which is much lower than the reported previously, 5% at 40K. According to the 3D atom probe map and TEM
analysis, the annealed sample contained nanoscale Mn-rich second phase, while the matrix is Mn2CoAl having inverse
Heusler structure. Therefore, the observed transport property cannot be attributed to the single phase SGS.
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Fig.1 3D atom probe map of the samples before and after annealing. Fig.2 MR ratio measured at different temperature
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Large MR ratio in epitaxial CosyFes/Cu/CosgFesg
current-in-plane giant magnetoresistive devices

K.B. Fathoni'? Y. Sakuraba®, T. Sasaki', T. Nakatani', K. Hono*
'National Institute of Materials Science, Tsukuba 305-0047, Japan
University of Tsukuba, Tsukuba 305-8577, Japan

Current in-plane giant magnetoresistance (CIP-GMR) is a classical magnetoresistive effect, which had been utilized as
read heads for HDD. After tunnel magnetoresistance (TMR) became major interest in spintronics, the research on
CIP-GMR has become obsolete. However, CIP-GMR is worth to be revisited for a highly sensitive magnetic field
sensor because of its advantages such as small low frequency noise and small bias voltage dependence of MR ratio
unlike TMR devices. A serious drawback of CIP-GMR is low MR ratio compared to TMR devices, at most 29% in the
trilayer device by using the specular reflection technique [1]; thus the enhancement of MR ratio will expand the
possibility of CIP-GMR for various sensor applications. Although the spin-dependent scattering at the ferromagnetic
layer/non-magnetic spacer interface is essential in CIP-GMR, the relationship between magnetotransport properties and
interfacial microstructure in epitaxially grown CIP-GMR have not been systematically studied so far. Therefore, in this
study, we fabricated epitaxial and poly-crystalline CIP-GMR devices having different crystalline orientation and
interfacial lattice matching to investigate their transport property and microstructure systematically.

A multilayer stack of CosgFeso(6)/Ag(t) or Cu(t)/CosgFesq(6)/IrMn(8)/Ta(3) (thickness in nm) was deposited onto
MgO(001) single-crystalline substrate using ultrahigh magnetron sputtering system and then annealed at 250 °C under 3
kOe constant magnetic field to obtain the exchange bias by IrMn. The thicknesses (t) of the Cu and Ag spacers were
varied from t = 0 — 5 nm. Figure 1 shows t dependence of MR ratio. As t decreases, MR ratio increases until two
CosgFesg layers are coupled ferromagnetically. Interestingly, the device with Cu spacer having a large lattice mismatch
with CoggFes, (lattice misfit ~ 10%) shows larger MR ratios up to 25% at room temperature compared to those with a
Ag spacer with a smaller lattice mismatch with CosgFesq (lattice misfit ~ 2%). Figure 2 shows temperature dependences
of MR ratio and 4R of the CIP-GMR devices with Cu and Ag spacers. As temperature decreases, the MR ratio of both
samples increases. On the other hand, 4R increases with decreasing temperature in the device with a Cu spacer while
AR decreases in the sample with a Ag spacer. If we assume the same spin-dependent bulk scattering in CosgFesg between
two samples, this result suggests a spin-dependent scattering at the CosgFeso/Cu interface enlarges with decreasing
temperature.
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Figure 1. Spacer thickness (t) dependence of Figure 2. Temperature dependences of MR
MR ratio. ratio and 4R with Ag and Cu spacers.
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Magnetic and magnetotransport properties of CoFeVSi epitaxial films
grown by a nonstoichiometric MBE technique
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Bulk and near-interface magnetic properties of Co2Fe(GagsGeos)
Heusler alloy explored by magnetic circular dichroism in hard x-ray

photoelectron spectroscopy
J. W. Jung', Y. Sakuraba®, T. T. Sasaki', Y. Miura®, A. Yasui?, L. S. R. Kumara?, T. Nakatani®, and
K. Hono!
! National Institute for Materials Science, Tsukuba 305-004, Japan
2 Japan Synchrotron Radiation Research Institute, Sayo 679-5198, Japan

Co-based Heusler alloys have attracted attention W)
for the applications as ferromagnetic (FM) electrodes ™ 7o i) 5 g B = 8
in  spintronic  devices. In particular, large = | s° 0.5 SN s
magnetoresistance (MR) ratios over 50% at room ’5;0-6' o cora 221
temperature have been demonstrated in the current- T = 04l o e = 2
perpendicular-to-plane giant magnetoresistance (CPP- TOA (deg.)
GMR) devices using Co-based Heusler alloys with the
L2; structureV, which are one order of magnitude b oy R i B R
larger than those using conventional FMs such as - ‘ f“-“-
CoFe. In general, however, the MR ratio in the CPP- _——_i Eor

=

GMR devices using Heusler alloys largely decreases gy e a0 T
with increasing temperature compared to the CoFe- )
based CPP-GMR, whose origin has not been :jlg. 1 Sketch of s_ample struct_ure of CoFe qnd CFGG
. - .. ilms. The normalized magnetic moments with Co and
understood sufficiently. One possibility for the origin o slements in the case of a) CoFe and b) CFGG films
of the large MR degradation at elevated temperature is
the weak magnetic exchange stiffness at the interface between Heusler alloy and non-magnetic spacer, which
is considered to lead to a large thermal fluctuation of the magnetization near the interface. In order to
understand the mechanisms of such large temperature dependence of CPP-GMR, we performed in-situ hard
x-ray photoelectron spectroscopy (HAXPES)-magnetic circular dichroism (MCD) experiment at beamline
BL0O9XU of SPring-8. The HAXPES-MCD is a powerful method for investigating the element-specific
magnetic properties in thin magnetic films and buried layers of multilayers.? By varying the take-off angle
(TOA) of photoelectron by using a rotatable sample stage, it is possible to control the probing depth of
circularly polarized x-rays from near-interface (lower TOA) to bulk (higher TOA) region. We performed
HAXPES-MCD measurements for two kinds of samples: CoFe(50 nm) and CFGG(50 nm) thin films, which
were grown epitaxially on a MgO (001) single-crystal substrate buffered by Cr (10 nm)/Ag (100 nm). Thin
Ag (2 nm)/Ta (2.5 nm) were deposited on top of films to prevent surface oxidation. Before the measurement,
we confirmed atomically flat interface between CFGG and Ag by STEM/HAADF. The HAXPES-MCD
experiments with an excitation energy of 8003.58eV by circularly polarized x-ray were performed. Fig. 1
shows the normalized magnetic moments resulting from the normalized peak intensities at each Fe and Co
2psp2 states for the CoFe and CFGG samples, as TOA is varied from 20°-70° form sample normal, which
corresponds to an effective probing depth variation of 8-22 nm. The normalized intensities were calculated
from different MCD intensities of opposite helicity divided by their sum of total intensities after subtracting
a Shirley-type background. In the case of CFGG sample, the normalized intensities reduce with decreasing
TOA, indicating large thermal fluctuation with smaller magnetic moment compared to that of bulk CFGG.
On the other hand, for the CoFe case, the magnetic moment did not exhibit marked changes by changing
TOA. Consequently, this result suggests that an improvement of exchange stiffness at near interface is the
key to reduce temperature dependence of MR ratio in Heusler alloy-based CPP-GMR.
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