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Tunnel magnetoresistance effect of Mn-based Heusler alloy with ultra low
magnetization
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Mn2(Co-V)Al system is one of candidate for a fully compensated ferrimagnet.
The Curie temperature was estimated to be 695 K, which was higher than room temperature. The
half-metallicity of Mn2(Co-V)Al system was demonstrated by first principles calculation. In this
research, we fabricated the Mn2(Co-V)Al films and measured the magnetic properties and the tunnel
magnetoresistance effect to prove its half-metallicity.
The XRD measurements indicated that Mn2Co0.5V0.5A1 sample showed a (111) super-lattice peak, which
corresponding to the L21 or XA ordering. The magnetization for Mn-Co-V-Al films were smaller than
the bulk value, however, it changed depending the composition like the trend of bulk experiments.
The compensation of magnetization was confirmed for Mn2Co0.5V0.5Al and the TMR effects were observed
for Mn2Co0.5V0.5A1, which depending only CoFe magnetization.

TMR



B X C—19, F—19—1., Z—19, CK—19 (tm

1. WRZEBIAA Y P D &

AVE—Fy MRV TURava—T 407, BT —2FDEHERIZL - T, R TAE
HHEIN D HEREITBERARBNTHEINLTEY, AT TS 20EEEIESRD LTy
B TDOXD RIS EFEEM - T -0, IKEEE D OEEHEOR AR EAETY & LT
WK 7 o H L7 7 EAZEYMRAM)BNEH #4880 T %, MRAM (358G R A/ sR R
Ko 3 @SN DD b RAERIEIIHE TMTI) TEICHER SN TE Y, HEEEL2 T 2 >
D IEREME R OBAL O A LIS U TR OBSIEPINENT 5 b o RS HPT(TMR) 2
FIRHLTWS,

MRAM O @EtEgefbicmid 72iftE e LT, O/mHAI07=D O E TMR OB, @F ZiAL%
TOo1-0DENET. QRNEROET 2R ENZE TSNS, TMR HIZRBENEED 2 v 43R
BPHRREWVIZIEEWVWEENTEY  TMR b= PIP/(1-PiP2) & 5 Julliere DX, TEEN S,
AR FE LT, Fermi ICHBIT AT v AL X T A U OIREREDLTHY |
— T AZNVEMEEN DM EHIA B U NERICHM L TWD EHB TN TEY . Z0R%EN
BErNATON TN D, £z, MRAM OEXZAL LN E LT, AV UVEABIELKEZ WD D
NERE > TND, AV UEABMLRER L (X, A0 LB & BRI 2 L
X oT, BMBEBOBILIZC NV 252 THRLORAZ 2 KIRSE BB THY ., ZORKEOEN
BEORE ZFEFBLORE IO 2F/IZHAT L EEINTND, Lz T, KAaFsr e
EXALBROMLENAEET, BXIALOAEY— R H ETADT, X575 mEmELOFERL
x5, 2. fRBULN/ NS WM EHIIRNES D72 0o T, B2 ERE Lo T
Warmzohs, UL EOEBIG, MRAM O F 72 5 @t icmi) ¢, @m0 A Y U oERE
A DAL ELOBR AL ETH 5,

2. WHEOHB

AL CIE, K F LA LD MTI ~DJSH O 255729012, 7 = U M Mn RAA
A Z —4H4: Mn-Co-V-Al 5427 EH U CHRBEMEREmM B OO KR E S & TMR 21RO K&
SOBMREZHONIT LI ENAEBNTH D, MAT, A7 2 VEEERA AT —B548THD
CoFeCrAl &>\ T, F Lo ZERDOBIEZITR -7,

3. WD ik

Mn-Co-V-Al §4:1% Co & V OFILZ AR T 5 Z & THERBEESC A B U MR 2 HEFF Lo
OO RE I ZTHETZAHMETH S Z ENHERMIICLERMIZLHRENINTEY ., Bk
DOREEZL TMR $hEROKRESEZHBE RTAILEICHLTE L TWAMEITHL EEZBND,
WEEBHIMEE LS~ /R ba v ANy Z ) ZETERZ VT, MneVAL & RIEE& 0
/NEVY MgO(100) LA f FEAR FIlc = B2 & U v LR S 72, BEREAM H o BUE O i 1E 1
MgO(001) 4K/ Mn-Co-V-Al(30)/MgO(2)/Ru(2) (Ef7:nm) & L7=, #IEOKALIT co-sputtering
EERAWTHEEZITS 2B, 2 2 CRTHERITHFHMETH D, Mn-Co-V-Al O FRIERED FAIR
JE1% 700°C & L7z, MTJ kBl oL MgO(001)#:4%/ Mn-Co-V-Al (30)/Mg (0.4)/MgO
(2)/CoFe (5)/IrMn (10)/Ta (3)/Ru (7) (HA7:nm) & L7z, 3B OREEFEAm 21T, X #REIHTEXRD)
2L FER S R L OBARRIE 2 [F7E Lz, BLIE S IHIRB R/ 5H(VSM) & V7=,
TMR Zh RO IX, M0 T2 L7=5 12 4 ieHE2 AW CTRIE 21T - 72,

CoFeCrAl &4 0#BH#E 1L MgO(001) H:#k/Cr(40)/CoFeCrAl(30)/Ta(3) (Hf7:nm) T, 2 E
DWTEIRTHE L, Cr IE%ZIX in-situ T 700°C OEKLE 217V, CoFeCrAl FifE# 1
400-800°C DOEVLIE #1772 - 7=, CoFeCrAl W IT &4 % — 7 v b & HWTIER L FHAakiE ICP
HEHIZ X VAR RIS VR TH D 2 & 2R L=, VBt O &M 213 XRD, BALHIE
21X VSM & vy, v B v 7 EET st s (FMRIC L - THIE L 7=,

4. WFICRLSE

(1) PR O A& E TG & B SR REAT 500p 73
XRD HIEDFEE A5 . Mn2VAL 3 L O Mn2CoosVosAl DOFEAK E Mn,VAI (~ 380 emu/cm’) |
<., (002 K 1) EH O FEFHABN S, L ~ %%

ST, ZRHORECIE L2 L <1x XA #EIcHAE § s

LT5 L EXHNS, —~F T, MnCoAl OMHK TIE, (002) B

OB EPHITBI S hiz b oo, UDEOBEFET & 7 o
MBBIIE N2 o720 T B2 #EOHAIE 2G93 58T 100E

bD LR ST, ) 1A B L O ML DR R o e
7, Mn2VAL B XY Mn2CoAl Dfafnwifbiz v 7 fED 00 02 04 06 08 10
2nB £ 0 /NS UVME & 7 o T2 A3 BEFB L DR IRAEE I L Xeo

7 DIATHIIE & RIAR O 27~ L, Mn2CoosVosAl OFLT . e ‘
EREALAET 5 TR 1 5 . B SORRE ORI AP



(2)TMR %h

212 Mn2VAI , Mn2CoAl , Mn2CoosVosAl #fE % V7= TMR & — 7 ORIERE R 277,
X 2(a) TiE Mn2VAL D& D A &2 3 fERIZHEE L CA O TMR 280381 S vz, X 2(b) Tl
Mn2CoAlIZIED A ¥ o 3R e L CIED TMR @) 5B 2381 & 10 7= . X 2(c) D Mn2CoosVosAl
TIE EFEMRD CoFe DBALIBREOAITETF L TCVD EEX LD TMR ZIESBH S iz,
ZHuE, Mn2CoosVosAl DREALFIE L TRV . SO FFIZ X 53 EIZ—EDFH % [
NWTWB7DThdEBEZLND, —FH T, & TORET TMR I ROMEIX 1%L T &/ S UM
Zor Uiz, FUINRBESS S A+ THIFD L 72 WEEIR COMIEIZ 72 - T D 2 & O IEalsk o #LHI
M TRNZENEZOND, S DICARFEORETIE NNy 77 EEHEAL TWRNTED,
Mna(Co-V)AL #EDO R EH A < MgO NY TREOENMEWZ EbE2x b5, MlboRkE s L
TMR ZROKE S OBREZ#Ewm T 270121, S%IT#EN 2NNy 77 @EEAL, RN
W SERAEOREBINERcE 2542 L., TMRIROMEEZ KRELSTEHELERDH B,

0.0F
0.1 %

-0.2r

MR (%)

MR (%)
MR (%)

-0.3r

-0.4r

-0.51 ! - \ | 0.00 ! . \ A 0.00 ! . \ 4
-2000 -1000 0 1000 2000 7-2000 -1000 0 1000 2000 7.2000 -1000 0 1000 2000
Magnetic Field (Oe) Magnetic Field (Oe) Magnetic Field (Oe)

2 : (a) Mn2VALl ,(b) Mn2CoAl , (c) Mn2Coo5VosAl DFLIZI TS TMR B —7

(8)CoFeCrAl ® X > v 7 EK

XRD #HIE D% CoFeCrAl # k(L 400-800°C @ 7 =— /L O Tid B2 #5E 0 HHI
EAEHTHEENG N2 ERNRB iz, X 3@icfafpift, X 3MIcH v 7 EED
7 = — VIR R A T, BRI BT = — VIR EED 500-600°C DFFICREAZ T, L
JEIZUT VN 380 emu/em? & 7R L7z, 700°C LL_ETHULAED Lz, Zhid Xy 7 7B Cr
OB OB THDLEEZOND, X TEBIIT =— VIRE 700°C O FFIZ R ARAE

ZHY . 0.005 &ARBALA B CIT A/ NS UVMEZ R LTz,

500F ' ‘ ' : 0.020F T
(a) R ()
400 M,: 390 (emu/cm”) (SP rule) 3 o
o 3 e i £ 0.015F
£ ® c e
S 300f E g
=} £ o o))
£ e £ 0.010-
< 200; & . i
= ] 3
100} t  0.005- ° e,
g S
0k . , . E| o
0 200 400 600 800 0.0004 ‘ ‘ ‘ ,
0 200 400 600 800

Tanneal (OC) T (°C)
anneal

3 : (a) fafniifl, )& v v 7 ER DMK



5. FE/pFEEFmCE
MEsERR ) (R 0 )

(Fa%&) G 1 M)

(1) Tomoki Tsuchiya, Tufan Roy, Kelvin Elphick, Lakhan Bainsla, Masahito Tsujikawa,
Masafumi Shirai, Atsufumi Hirohata, and Shigemi Mizukami, “Magnetization dynamics for
the equiatomic Heusler CoFeCrAl alloy epitaxial films and spin—dependent transport in
their magnetic tunnel junctions” , 2019 JOINT MMM-INTERMAG (EEEF4), 2019 4

(¥E Gt 0 )

(PE RS PEME]
OiiRo Gt 0 )

OFfsiRdt Gt 0 1)
(& fl])

Q) W7t 13
L

KRR IC X 281, FREOBRRLEEBMICBWTEMT 20O TT, TDd, FROE
FRLHFFER R D RFFIZHOWTIE, EOEFFFIZES O TIE AL, ZONERRIZET S
RRLHEMIT, PREFEACRRE SN ET,



