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Element-specific magnetic properties of Co  ,MnSi thin films
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D. A. Arena
National Synchrotron Light Source, Brookhaven National Lab, Upton, New York 11973

V. G. Harris
Department of Electrical and Computer Engineering, Northeastern University, Boston,
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(Presented on 8 November 2004; published online 4 May 005

Co,MnSi thin films were grown on AlD; (a plane and GaAs(001) substrates and on thin silicon
nitride windows using pulsed laser deposition. Angle-dependent magneto-optic Kerr effect
measurements reveal both a uniaxial and a fourfold magnetocrystalline anisotropy for films grown
on GaAs(001). X-ray magnetic circular dichroism spectra were measured &t theedges of the

thin films as a function of aluminum cap layer thickness, and transmission rhggex-ray
absorption through a 1000-A @dnSi film grown on a silicon nitride membrane were measured,
indicating that deviations from metalliclike spectra are likely due oxidation or contamination.
Element-specific moments for Co and Mn were calculated from the X-ray magnetic circular
dichroism data of a nonoxidized film. ©2005 American Institute of Physics
[DOI: 10.1063/1.1847391

INTRODUCTION and x-ray absorption spectrosco¥AS) to elucidate the
element-specific magnetic and electronic structures of Co
The realization and optimization of spintronic elementsand Mn in CgMnSi.
such as spin valves depend on the development of highly In devices that exploit spin-polarized thin films to ac-
spin-polarized materials. Half-metallic materials, i.e., thosecomplish spin injection, the interfaces between adjacent thin-
that are fully spin polarized in all bands, have been predictediim layers in the heterostructure play a significant role. It is
through band-structure calculations, the first systems beingnportant that the films are of ideal crystalline structure and
the half-Heusler alloys NiMnSb and PtMn$ince this dis-  stoichiometry, and that deviations from their ideal structures,
covery, interest in the Heusler alloys has regenerated, artirough disorder, strain, or oxidation/contamination, do not
other Heusler alloys have been predicted to be half-metalliogccur at the interface. We have studied the effects of capping
including CoMnSi and CeMnGe? Although both of these films with aluminum in order to determine the effects of
systems have been predicted to be half-metallic, previousxidation on the XAS and XMCD spectra on pulsed laser
studies have reported relatively low spin polarizations, espedeposited(PLD) Co,MnSi thin films grown on AJO; (a
cially compared to the highly spin-polarized oxide systemsplang and GaA§001) substrates. In addition, polycrystalline
CrO, and Lé@,.7Sr0_3Mn03.3‘5 These disappointing results thin films were grown on a thif100 nm silicon nitride
have been attributed to many factors, a common one bein‘gindOW in order to measure XAS in transmission mode. Sur-
antisite disorder, i.e., a defect in which a magnetic atom fronface oxidation effects are minimized in this case since elec-
one sublattice in the full-Heuslér2; structure is replaced by tron escape depths do not play a role in the measurement.
one from another sublattice. The moments of the displacedhe transmission XAS spectra were therefore used as an un-
atoms are usua”y antia”gned W|th the Surrounding |oca| moﬁontaminated standard for Comparison with the surface sen-
ments, and therefore reduce the total magnetic moment péftive total electron yield TEY) measurements.
formula unit of the system and strongly modify the antici-
pated electron spin-polarizatiGn®
The magnetic, structural, and electrical properties o
bulk®™ and thin filnt>Co,MnSi have been extensively Thin films of CgMnSi were grown by ablating a single-
studied. However, the only known study of the element-crystal CgMnSi target using a KrRA=248 nm excimer
specific magnetic properties of this alloy was carried out ustaser. The target to substrate distance was 35 mm and the
ing polarized neutron reflectivitPNR).** We have therefore laser repetition frequency was 10 Hz. The laser fluence
employed soft x-ray magnetic circular dichrois]dMCD)  (~4 J/cn?f) was selected by positioning a focusing lens to
adjust the spot size. The substrate temperature was main-
author to whom correspondence should be addressed: electronic maif@ined at 500 °C and the base pressure at this temperature
sstadler@physics.siu.edu was less than & 1078 Torr. The deposition rates were moni-

fEXPERIMENT

0021-8979/2005/97(10)/10C302/3/$22.50 97, 10C302-1 © 2005 American Institute of Physics

Downloaded 04 Jan 2012 to 131.230.71.39. Redistribution subject to AIP license or copyright; see http://jap.aip.org/about/rights_and_permissions


http://dx.doi.org/10.1063/1.1847391
http://dx.doi.org/10.1063/1.1847391

10C302-2 Stadler et al. J. Appl. Phys. 97, 10C302 (2005)
T — I I T T T T T T T T T
= r = & :
> o~ - 4
L o] ) - L 4
- L (8} m S 05
- wl = > g | ]
5 = . 73 ) 11/ N
2 L gl 8 = [ —— Halong [100] ]
z K g oof ; E
E | g 5 I / ........ Halong [110] ]
- 2D b ]
] » § s /S Halong [010] . ]
1 ] ] ] ] ] [ Z '
30 40 50 60 70 80 : —— Halong [-110] J
20 (DEGREES) 1.0 fremt—— ]
salossstensalones Saaaalanes [TRETE FTETY [TAETY YT [TRRTE FETTE REATY INTT
FIG. 1. XRD pattern of CgMnSi grown on an AJO; a-plane substrate; -600 -400 -200 0 200 400 600
(inse) the L2, structure of CgMnSi.

11F

tored with a quartz-crystal monitor and were calibrated using s, .. ____. Cn
Rutherford backscatterindRBS). The film thicknesses were E .
approximately 1000 Awith an error of +10%. The films . 0'95
were grown on AJO; (a plane and GaAs(001) substrates & °3f
for XMCD and XAS in TEY mode, and on a silicon nitride §o.7§
window with a thickness of 100 nm for the XAS transmis- & o}
sion measurements. TS NS D

The soft XMCD data were acquired at the MSU X-ray 0
Material Characterization Facilﬂ§/ located at the National
Synchrotron Light Sourcébeamline U4B at Brookhaven _
National Laboratory. The U4B monochromator is of the FIG. 2. (a) MOKE angle-dependent hysteresis loops dnidthe squareness

] ] . ) plotted as a function of angle for @dnSi grown on GaAg001).

“double dragon” design and is capable of producing highly
circularly polarized(in excess of 90%x rays in an energy
range that spans 20—-1350 E\The polarization was set to squarenes$M,/My) of the hysteresis loops are plotted as a
75% circular and~100% linear for the XMCD and XAS function of angle in Fig. &) for Co,MnSi grown on GaAs
transmission measurements, respectively. The spectra me@01). This angle dependence is consistent with a uniaxial
sured in TEY mode were normalized to the incident flux, andand a fourfold anisotropy similar to that observed for
those measured in transmission mode were normalized to tHéo,MnGe films grown on GaA$001) using molecular-beam
incident flux and to the flux through a cleémo film) silicon  epitaxy (MBE).*%*°
nitride window of the same dimensions as that used for the Co,MnSi films (~100 nm) were grown ona-plane
thin-film samples. All the XMCD spectra were corrected for Al,O5 substrates and on silicon nitride windows in order to
incomplete circular polarization and incident angle. determine the degree of oxidation of the thin-film surface as

X-ray diffraction (XRD) measurements were made usinga function of aluminum cap layer thickness. Multiplet struc-
a GBC DiffTech mini materials analyzéMMA ) x-ray dif- tures were observed in the Mn XAS of the uncapped and
fractometer, and homemade magneto-optic Kerr effect appa0-A aluminum-capped samples, whereas these structures
ratus was employed to acquire angle-dependent magnetorhave been suppressed in the films capped with 40 A of alu-
etry data. minum and in the film grown on a silicon nitride window. In
transmission measurements, saturation effects are eliminated
and the effects of short electron escape depths are not rel-
evant. The transmission data are therefore sensitive to the

M, /M,

NN 3
135 180

Sample Orientation from [100] (degrees)

RESULTS AND DISCUSSION

The XRD measurements using ®ua radiation(Fig. 1)
indicated that the films grown on fD; and GaAs were
highly crystalline and had &@20) preferred orientation, con-
sistent with the full-Heuslek2, crystalline structuréFig. 1,

entire film (not just the first 100 A and the XAS spectra
looked very metallic, i.e., no multiplet features were ob-
served, and were identical to the spectra of the 40-A Al-
capped sample. We therefore concluded that a 40-A alumi-

inse). The peaks at approximately 34° and 71° are residuahum cap sufficiently protected the surface from oxidation
KB reflections from the substrate. Similar results were ob-and that the XMCD measured in TEY mode sampled a non-
served for the films grown on GaA®01). No XRD mea- oxidized volume in this sample. We focus on the 40-A Al-
surements were performed on the films grown on siliconcapped sample in the following discussion.

nitride windows due to the delicate nature of the samples. Mn and Col, 3 XMCD spectra of the sample capped
Angle-dependent magneto-optic Kerr effect measurementwith 40 A of aluminum are shown in Fig. 3 and 4, respec-
were carried out to determine anisotropy constantstively. These spectra are similar to those measured for
Magneto-optic Kerr effectMOKE) loops as a function of Co,MnGe and other Mn-based intermetallic alldys* The
in-plane orientation are shown in Fig(a®, demonstrating XMCD sum rules were used to determine the spin-orbit mo-
that the[-110] direction is the magnetically easy axis. The ment ratio for each atomic species, which is independent of
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LD on CoMnGe, the spin-orbit ratios were calculated to be
4;'(3) E (Mgry/ M) =0.10 and 0.04 for Co and Mn, respectively. In
b Mrbs i E comparison, the values that were extracted for, NS
g if 3 were roughly half those of GMnGe*
> 2F 3 In summary, we have grown GMdnSi thin films and
+~ i ] determined that multiplet structure observed in the XAS
1F ] spectra is likely a result of surface oxidation, although the
: ] shape of the XMCD spectrum remains essentially unaffected.
L I S A A P S A uniaxial and a fourfold magnetocrystalline anisotropy was
0'45 (b) LA AL " observed in the films grown on (_3aA§01). We have esti-
3 r\_\k 3 mated the spin/orbit moment ratios of Co and Mn through
o %O 3 the application of the XMCD sum rules.
Q 3 3
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