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Structural and Magnetic Properties of Coz2Cri-xFexAl Thin Films with the L2) Structure
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We successfully grew CozCri-xFexAl full Heusler films
(0 < x < 1) with the L2; structure onto GaAs(001) sub-
strates by achieving stoichiometry in an ultrahigh-vac-
uum molecular beam epitaxy chamber. The films de-
velop epitaxial crystallinity with the relationship of
Co2Cr1-FesA1(001)<110>| | GaAs(001)<110>, which in-
duces very strong uniaxial magnetocrystalline anisot-
ropy, except for x = 0. For x = 1, in particular, the film is
almost a single phase and its magnetic moment per for-
mula unit exhibits Slater-Pauling behavior. Films of
this type were used to fabricate magnetic tunnel junc-
tions with 8.8% and 4.9% tunnel magnetoresistance
(TMR) ratios at room temperature for x = 1 with an
Al-O tunnel barrier and x = 0.6 with a MgO barrier,
respectively. The TMR ratio can be further enhanced by
both realizing an L2: single phase and eliminating
lattice distortion. ‘

Key words: half-metallic ferromagnets, full Heusler
alloys, L2; structure, epitaxial growth, tunnel magneto-
resistance ‘
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Fig. 1 RHEED patterns of 20-nm-thick Co2Cri-xFexAl
films grown on GaAs(001) substrates with Fe
concentrations x = (a) 0, (b) 0.4, (¢) 0.6, and (d) 1. These
patterns were observed along the GaAs[110] axis by
using a charge-coupled device (CCD) camera with an

exposure time of 120 ms under an applied electron

energy of 30 kV and 50 pA.
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Fig. 2 XRD patterns of 20-nm-thick Co2Cri-sFexAl
films on GaAs(001) substrates with- the Fe
concentrations x = (a) 0, (b) 0.4, (¢) 0.6, and (d) 1. X-rays
were introduced along the GaAs[110] direction at
incident angle 6= 0.5°. The Miller indices (hkl) are also
listed in the vicinity of the corresponding peaks.
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FRRLAL. 22 Tx=0DHEITIT L2 & A2 D 21485
BEAS S 7 ICBOTHRESN TV Z LB, Zhbo
RETH A2 HOBFEENSFEIN, RHEED 2 X 2 REH
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Fig. 3 Magnetization curves as a function of an
applied magnetic field for 20-nm-thick Co2Cri-xFexAl

s on GaAs(001) substrates with Fe concentrations x
= (a) 0.4 and () 0.6. These curves were measured by
using a vibrating sample magnetometer (VSM) under a
field applied along the GaAs [110], [1-10], [100], and
[010] axes as listed.
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Table 1 List of saturation magnetization and
coercivity at RT for 20 nm thick CozCri-xFexAl films
on GaAs(001) with Fe concentration 0 < x<1.

Fe concentration Saturgtlop Coercivity
x magnetization H. [Oel
Ms [emu/cm?)
0 25 ~0
0.4 230 38
0.6 420 55
1 940 28
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Fig. 4 Schematic diagram of a fully epitaxial MTJ
with a 20-nm-thick Coz2Cro.sFeosAl film on GaAs(001)
together with the RHEED patterns of each layer
obtained along the GaAs[110] axis.
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Fig. 5§ TMR curve of a fully epitaxial MTJ, consisting
of a CozCro.4Fe0sAl/MgO/Fe structure on GaAs(001).

4 BH). Z DHA, CorCro.sFeosAl FRIEFF D% Tow = 673 K
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Nobbhd L5z, MgO 23 CoeCrosFeosAl EIZEIRAR
BLT, EPMEESRBL LTV DEDTHS.
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TLFRIND x= 040D 2 HOIC, LY BERLFE
B pH S, MTJ e OBOEEEGOREL, R25
EHNALD GaAs MR E~DRBEREEITHZET, &AbR
Ais@tEomE, EWTIX TMR OB HFEINS.
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X, J.8.Claydon & Y. B. Xu (University of York)®
#71C, Daresbury Laboratory (England) Gf7bh /.
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