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Introduction

Mn-based ferrimagnetic Heusler alloys: Mn,VGa (MVG) and Mn,;Val (MVA) are expected to possess negative spin
polarization, which means that the direction of spin-polarized conduction electrons is opposite to the magnetization
direction [1,2]. Such negative spin-polarization materials are of growing technological importance because they can
increase the freedom in the structure of spintronics devices and improve their performance [3,4]. In this study, we
sputter-deposited epitaxial thin films of Mn,VGa and Mn,;VAI and investigated anisotropic magnetoresistance (AMR)
as AMR can provide insights into the scattering process of spin-polarized conduction electrons [5].
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Results ‘ ‘ " MVG
Figure 1 shows the calculated DOS of L2; ordered MVA
MVG and MVA. In both materials, the majority spin band
exhibits a gap-like feature near the Fermi energy, which
can give rise to negative spin polarization. The spin
polarization is higher for MVA as the Fermi energy exists
closer to the center of the gap. ‘ ‘ ‘

Thin films of MVG and MVA were sputter deposited - ZE o
on MgO (001) substrates. The MVG film was deposited at ~ Fig. 1.  Spin-resolved DOS for L2, ordered MVG and MVA.
RT and post-annealed at 600°C, and the MVA film was
deposited at the substrate temperature of 600°C. The
formation of L2, order was confirmed by the 002 and 111
superlattice peaks in XRD profiles, as shown in Fig. 2.
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was applied to the samples, and a current was introduced
along <100> and <110> directions. Figure 3 shows AMR
ratio defined as (R(¢) — R.) / R,. Both materials
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exhibited positive and negative AMR for the current  Fig.2. XRD profile of [001]- and [111]-direction scan.

along the <110> and <100> directions, respectively, and v o ——
the AMR ratio slightly enhanced with lowering the T 20K
temperature. Such a sign change of AMR by the current Curont sons <t10b ok
direction was reported for Co,MnGa Heusler alloy [6]. In < %21 1 —r
the presentation, we will report the analysis of the AMR g Currant slong e
results. L g
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RITFR A2 1L, Ge L AEEDIRERT N FEE 2 A3 5 E 7 n-SinaGeoo
M, n-Ge ZMZ %A IEEEWD)B LA E ARMBEH ()& R~T 2
EEHLNT L[], i, EAEINC X DR L — 5 2AE)
WCERTABEEON B IO L — A Vo Kl E oA T &
LDbDEEZBILD[2]. EH n-SioiGeoo(111)D AE 1X, BEFRAIIZ 55-90
meV & TR TV D 03[2,3], EBRIZRRAEIZITHOIL TRV, AR
ZETIX, B X v U T IRE®MZH T HEH n-SiniGeoo 12\ TIKIE
TO A VEEREZ TR, AE O % FBRIICELE L.

X UTIREDER 2 D EH n-Sig1Geoo T ¥ RNV & WA B
NVTRTFEAERL, A EEEZIT o7z, ERFTALETO
B R TED D ZNENOREIZXH L TAZREL Y, F—L
ZhEPEIC L 0 5 DN EHR (D) & AV C ¢ 2 F3H5H L7=. Fig. 1 12,
n~1x10'8, 2x10'8, 5x10'8 cm™ DFE# n-Sip1Geoy & n ~ 5x10'% cm™> D n-
Ge lZBT 5 t DIRE(DIKAFEZ 7T . n~5x10"% cm™ D FE F n-Sig.1Geo.o
(R & n-Ge (B)DOFERZ BT 5D &, 200 K L FOMKIRIZH W TER
n-Sio1Geoo D 7 ITPAEITEE R LTV 5. Z iU Fig. 2 1233 L 91T,
BT L AREHFH AL =52k > TA Y REBERELSIH ST
WH7=HTHDH[1,4]. 200K LLF CEADENRRELNTND Z &h
5, ZEH n-Sio1Geoo D AE 1X, n~5x108cm> 28155 200K TO 7 =
I X YERL(Er) & A RV — (kg ) D FN(~82 meV) L W K& W EHEE S
5. 6T n~5%x10" cm™ DEH n-Sig.1Geoo IZBWNT, T T2/
—M A B REEBELAIH SN TV AICHEDL ST, LVIREED »
~ 1x10'8(F), 2x10" cm™ (%) D E I n-Sio.1Geoo IZFBWT 50 K LLFT
EHIT ¢ NEFITHERKLTWD., 2, BHEIMC L2 L —F 2
BV ERBELIIHIZ D, N L — N TORMPFHRL A B SR ELA T
ETHIEEREBLTNS.
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Fig. 1. T dependence of ¢ for the strained
n-Sio1Geos with n ~ 1x10'® cm™ (blue),
n ~ 2x10%® cm? (green), and n ~ 5x10'8
cm? (red), together with that for n-Ge
with n ~ 5x10'8 cm (black).
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Fig. 2. Schematic of the conduction band
valleys in the strained n-Sio.1Geo.s with n
~5x10'8 ¢cm at 200 K.
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R ANT =TS ZZBNT, RS A YTy NIIE ORI ) LKWy RE Y v T &R D, SiIC X
DOLENIMEE LTER STV S, AV FFUPRZE, KO T PRZTHAATNMYLDIRA &
TR D72, VAR N LA CEBIBBIEEM B 2T 2T A TH D, METIEA VIR EN
RS 2MB0013H Y, #fbEAYEY FIZRE/RFTHERSNATEY, HLEFESH/NSVED, BNA
EUATBESIIREEND. LaL, HERAZA YEY RIZEWAY F¥y v T EAOEFRMORD, o+
— IV VMO LN WO BER DD, AFETIE, @B MRS A Y ES NEEE T Y VT
77 4 —EERAWT, RS A VEY FEPE L L THAAATERIA U NV T R 2R, Z DR
iz A7 - 7.

KRR %

FPHB RS A YRS FERE AR L, 7—7 77 A~ HKEE
R VEENET ) A=A A=y 7 EMm (BE : 10nm) ZREE L
=, T0%, 7+ bV YT I T4 —EEMVTL YR MI =%
R L, kfmz—7>y MERA Sy 2V > 7k a2 D Tt E
i Fe (B : 50nm) ZRRIEL7-. S HIC, MRT 7 A~ OFEZ
AT PAdIE (E - 5nm) 2L, U7 b4 7 21T\, i
MIZ10um DXy v 72K Uiz, BEIEHTIROBIEX, KA
L VTR RAERIKEZFERA L, 47 u—7 2 AW T=ER T{T  Fig. 1 electrical circuit for measuring

-7z local spin valve signal.
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Fig. 21C 705 B R—7RE (1022 cm-3) ZH 9 2 B s A Y& 2028)
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ROVBI SR T2, REAIRHT ORI & Wb SR I & 2 HHUE
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p 2B N -100 0 100
1) K. Takanashi et al., Jpn. J. Appl. Phys. 49, 110001 (2010). Magnetic Field (Oe)
2) M. Ohishi, et. al., Jpn. J. Appl. Phys. 46, L605 (2007). Fig. 2 magnetoresistance curves

of spinvalve junctions

20.279

Resistance (Q)

B Concentration:10%2¢cm-3





