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Spin accumulation using CoFe/MgO and AlO,/Si contacts with high quality tunnel barriers
prepared by radical-oxygen annealing
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Fig. 2 Hanle-effect signals at 10K for spin injection and
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extraction measurements using CoFe/MgO/Si  and
CoFe/AlO,/Si spin injectors, and their fitting curves

(a)AlO, tunnel barrier without radical-oxygen annealing
(b)AlO, tunnel barrier with radical-oxygen annealing,

(c)MgO tunnel barrier without radical-oxygen annealing
(d)MgO tunnel barrier with radical-oxygen annealing.
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Preparation and characterization of a B2-ordered Co,FeSijsAlys/MgO/Si spin injector
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Fabrication of a CoFe/TiO,/Si tunnel contact and its application for spin injector
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Fig. 1 (a) XPS Ti2p spectra and (b) Si2p spectra for an as-oxidized Fig. 2 Hanle-effect signals at 10K for (a) spin injection and (b) spin
TiO,/Si sample at room temperature and TiO,/Si samples with radical  extraction measurements. Their various fitting curves are also shown.
oxygen annealing at 200°C,300°C,400°C, and 500°C
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Gate control of spin-valve signal and Hanle signal in GaAs observed by a four-terminal nonlocal geometry
T. Miyakawa, T. Akiho, Y. Ebina, M. Yamamoto, and T. Uemura,
(Hokkaido Univ.)
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Influence of nuclear magnetic resonance on transient oblique Hanle signals in GaAs
Y. Ebina, T. Akiho, M. Yamamoto, and T. Uemura,
(Hokkaido Univ.)
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Hanle Z0RHIEIC &V, GaAs [ZF 1T DI A & 2 OIS DAAIT )T 2 W PISE FriE=> DNP (2 & 2 Mk 5y
DRI 2 W 523 L72[1]. ARFZED HE9IE, DNPIC & 0 AR SR A B ARMBIZ k35 NMR 058
oblique Hanle {3 512 RIET B AW LM 52 L Th 5.

I Vi
KR E - ANt e 0 13°
Pofafxtt GaAs (001)ZE4K 12 undoped-GaAs /N v 7 7 & ﬁ % 7 5
(250 nm), n"-GaAs (700 nm, Si =3x10'® cm ), n"-GaAs (30 nm, A v
Si = 5x10"® cm®), Fe (10 nm)% MBE Bl L W K E L=, % T o %ﬁ
D, ArAF YT, EB U VT T T ¢ —5x VTR X

BAE LT /A AT L7z (Fig. 1). i oblique Hanle Fig. 1 : Schematic diagram of device structure.
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FTEEE(VNL) D Boy IAFMEZHIE L72. By, (3440 mT 72540
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y 5 AN BN L 72,
RMREER

Fig. 212, RER&G3720 55 & 175kHz O RF fkd; 2 BT
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MRV, RS IR kT 5 — 09 A FE— J R
g BBl nTe. —F, RF #Gob & TlE, mthA Fe— _40 ' 220 . 0 ' 20 - 40
JORESIITHA L, Ao — 7 1 35ERIEE L. 20 Magnetic field : B, [mT]
A %EH.% METHID, }F%Fﬁ{a\%(VNL/DbSi@/J\ &R DR Fig. 2 : B,, dependence of Vi /I with and w/o
U DAR(Fig. 2 Dkt RFN) O RF JABEIRAAEERHMI L7 & & pp magnetic field, where Vy is the nonlocal
A, 71Ga Zx4 % Eﬁ%lﬁlﬁﬁttﬂ 5 ﬁ*ﬁ LoD ibqéiﬁﬁ%&\’—*E Voltage, and / is the injection current.
MBI DL ZATHRIMEEPERTT LI Enbhrole. £z
FERIC LT, ZE BTN ENE DD, YGa (Fig. 2 DGR PAs (Fig. 2 O ERAKE)O NMR (R L72IE
RFHESOZ L b Bl STz, ZhbDZ &b, REBGFIINCHE S i@ oblique Hanle 155 D2 {kiX, NMR
2 R DS DWMEDNIRIN T D Z Lo To. TERDERIRAE T oblique Hanle {5 5I17E TiX NMR (2
L DEEEMITHIGHS O & Z AT THEL 20 L, @WEE I L IR LUAD & ZATH A
54L, NMR ORHNES THD Z EMNRINT. 2O EiE, A OINBRES O ZECIZ T 2 MR
Rz i T 2 2 &Iz, AFEOFEO—D>THD.
B

ABFFEIT ISPS BHFFE 25286039 DBk % %2 1 TiTbiLr-.
L BN
1) T. Akiho et al., PRB 87, 235205 (2013)
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WRa 7274 b CosFeN HIED B HFHHKIETIZNE

LR AMRC, B SEAs, TS AT, REH B, B B
(4 KB T)
Anisotropic magnetoresistance effect of anti-perovskite Co;FeN thin films
H. Ando, H. Sakakibara, S. Kawai, K. Ueda, H.Asano
(Nagoya Univ.)

FLHIC

Wi 72 A S EAEBNEIR CosFeN X, mWAD A B 43R VA FFOspittpr bl Tt v . Lo
T AN A NEICIREYEIRE L7200 T B 7 2 h A b OB TEAER I WD, BEME CEH
RISHANHETE S, BUE, HFBRTE X X —(MBE)EIZ LY SITIO; &+ A~ v F 1 -4.1%) kI
450°C THERL S U723 D038 B 28, ARBFZECIE. SUSTEA Sy ZEE VT, RS E R AR 7 (RIE K
F CosFeN iR A ERL L | /N7 A X AL %G9 5 7o DI BRSPS V>0 T L 7=,
ERAE

FOGHE~ 7% ha o A8y ZIEIZ R Y CosFe #—747" > k% HT CosFeN B (Lag 15810 50)(Alg s9Tag 41)
O3(00 1) JEAR(LSAT FEAR) (1 X A~ v F:-2.8 %) IZ, #AJEIL 2.5 Pa, BEE 50-100nm T, A/Xy ¥ H A Ar+
8-10%N,. FEARIEEE L 250-350°C DO#PH TIER L7,
ERER

Fig. 1 (255 50 nm, ZEFEIEE 10 % TYERL L 72 CosFeN FIR oD [ B A% -2 & F-MlhE o R FE (R 7 &7
Fo FEMGRFE 275°C LL 1T CosFeN(00/) & — 7 3l S 7=, 300°C BA FOKIRCTH, BERAE IS TS 7 E 4L
Ty 27— 7 OMAENE S A CosFeN G5 TN D Z &Ny o 7o, SRR 300°C T/EHR
L7238 T, CosFeN (200) ' — 727 DN GA F ¥ NZFN T 4 BRI E— 7 38H T & . LSAT Ml kic
cube-on-cube ICZE X F L ¥ LERE L TWA Z NG hhoT-, £-. ZOEEIT M, = 1350 emu/cc DB & 7N
SRPRIET) H, =25 Oe OBERMETH Y | R,=0.56 nm & F 7O FEEMICHE L 7o/ S 72 ln%S 5, Fig. 2
1% CosFeN M D B MBS R ZHE L2b DT, AD AMR k5517, AD AMR ZhRIZ N N—7
AL NDOUELMEITH LA, DOS OFVRME V2T 5L, ZOMEEII~A ) VT — AL VBT MEE
ZEITHSTWD EEZ B, CosFeN ON—7 A X UPEZIREE LT 5, i Tl CosFeN ORFAEREM & L
TT Y R—2 7K EHOWTAE g2 RS, AMR 2058 & OEIZ O T hiEim T 5.

L ZD.T;N

1) Y. Takahashi et. al., J. Magn. Magn. Mater, 323, 2941, (2011).
2) T. Sanai et. al., J. Crystal Growth, 357, 53, (2012).

3) S.Kokado et. al., J. Phys. Soc. Jpn, 81, 024705, (2012). 0.0 —4
0.376 2.0 @ BN
................. theoretical yalue 0.37530m <02y
~0375} ] g 7 \
1.8 A~ L /
E -0.4 J/
0374 A/‘\ B D .
g " 116 £ & 06}
7] S ~
£0373 . S /%
S . {14 = 038
S 0372 T &
= - " " -1.0 ‘ ] : ‘
3071l 112 80 120 60 0 60 120 180
0 (deg.
0.370 ‘ ‘ ‘ ‘ 1.0 Fig. 2. Resist h f(C gF) N fil functi
280 300 320 340 1g. 4. hesistance changes O osle 11ms as a runction

f the magnetic-field direction 6 measured with
btrate temperature ( ° © . o

) ) Su ) i (O ) respect to the sensing-current direction. The

Fig. 1. Lattice constant (triangles line) and FWHM (squares line) current 7 flowed along CosFeN[100]. The applied

plotted against substrate temperature of CosFeN thin films. magnetic field was 4 kOe.
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v’ -Fe N e B db I D B 7 PERE SRR R ~ BRI EE R AT~

FEB Fofst ', A E ER S EM Bt
("B, 2 ERIE )
Anisotropic magnetoresistance effect in pseudo single crystal y’-Fe,N films ~degree of order dependence~
K. Kabara', M. Tsunoda', and S. Kokado®
(‘Tohoku Univ., 2Shizuoka Univ.)
1. [FL&IC
Tea X ZNFETIT, y-FeN EIETHO R FVERAIET (AMR) ZWENERI S D Z &2 R L. Bk
THI2]S 7 FeN @/ya;ﬁzx EUEREDHHLTH S = L AR LIZ[3], £7- Fe,N HEHAE A EIE CEN 2
Fe,N[10017 I L7284, SOK LA FOIRE T AMR LD K & S AZKICHE K L, AMR B#RIZ cos 40587008
%E#é%@%&%t%mﬂﬂm FORPFUZOWTITH LN E 7o TV, FeyN DR 72 A B MR TR
BiX, NS0T AAA MEEOKRONLEIZFET D NJRF & D LEICAEET 5 Fe J&+ & O FHuERM )
JFRRTHDHR2]Z LD, ARUFFETIE N FALE ORI 2 28 b S 7o LA iy -Fe N MR A /ESL L . AMR
ZhAR & HRIEE & OBIFRIC DOV TR,
2. EBRAE
BOGE A 2% B % FV MgO(100) B b Fabi 12 50 nm JE D Fe N #HEEfE b2 — & 4 3 v LR &
Bio, IR O FeuN 4 | ARIFELIEE PN T 50~300°C OH#H TIRLE 2728 2 T 15 5BV U 7=, |,
FefblhifE & LT 2 nm JEOD Ta % Fe,N HIRICHERS S W72, UBFOREEREHTIEZ XRD (2 X D 17V FeyN(100)
& Fe,NQOO)D[EIHTHRIREE LA & N R FArE OBLANE (S) Zked7o, SEMLERIR 3G LT S=0.82~0.93
OB BT, FREEZ 02 mm E X7 mm DA b7 A ZIRITHINT L, B 4 ¥#F7% T Fe,N[100]77 ] D
ERIEHT (R) & 5~300K OIEEFPH CTHIE L=, 30k0e @Emﬁuﬁ%ﬂ%ﬁw ZEIINL. EMINEER A &
WATROBOAE (0) OB E LTR (AMR i) ZHIE L7, 0=0 (90°) (2B T HEBUER, (R) #H
WTC, AMR [t% (R,—-R) /R EEFLT-,
3. EERER
BN IT A 50RE AMR H#i#R72> 53R $ 72 cos 20 (cos 40) FT D7 — U TfREK Cyy (Chp) OWNEIRERTIEE
Y, 2T 2CM AMR ELIZHE Y%, 50K LA R TO AMR DK E S ORI/ K & cos 40155 @EH
BB, S DML TFITES TIHRAZIZIHEER L T Z E 3o 70, FH HIZ X DD AMR OBEFH[S)IC L
TR AMRICMIETRHIRE LT, A VHLEMAEIERIZ L 2 2 RN G E U DHEKD cos 20/1k D
AMR ZhH[3,6112M 2 T, dHE & dLE D= R LF —2% 1 . , . , .
(A) &7 =)V ISR 5 M#LE OB EEITR T
72 cos 2057, 72 B N IEFEEIZE D d.NOHLE S ZIZ
Jts U7z cos 40f% 50 2%, AMR HIFRICEET 5 Z ENRENT
W5 NALEDOAHANME 22 & NS HIERE O _EF- 13 Fe,N @
A S DRGSR R ST 2R, KIRIZH T2
AMR Zh B ORI 722 S DI TICE > TR L 7= %
DEEZHND,

P 2 BN
1) M. Tsunoda et al., Appl. Phys. Express 2 (2009) 083001.

Fourier coefficient (%)

2) S.Kokado et al., Phys. Rev. B 73 (2006) 172410. S=0.82
—&——T—S=085 ]
3) S.Kokado et al., J. Phys. Soc. Jpn. 81 (2012) 024705. =097
4) M. Tsunoda et al., Appl. Phys. Express 3 (2010) 113003. ———0—S5=0.93
5) S. Kokado et al., Phys. Status Solidi C 11 (2014) 1026. ) | . | .
0 100 200 30

6) S.Kokado et al., Adv. Mater. Res. 750-752 (2013) 978.
Temperature (K)
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INTT AL IVIRA AT — BB D BT VERSHE T R O & BT

BEEERR AR L B L 2L SEILE L IR IR e el AT ER R
C%H%%\Q%ﬁkﬁi)
Quantitative analysis of anisotropic magnetoresistance effect in half-metallic Heusler compounds films
Y. Sakuraba', S. Kokado?, Y. Hirayamal, T. Furubayashil, H. Sukegawal, S. Li", Y. K. Takahashi',
and K. Hono'
(‘NIMS, *Shizuoka Univ.)

FLHIC

1990 AR L 0 BEERAICIRNE STz Co FE T VIR A AT — B8 RZMEL D/ ~N—7 X Z AR, @A B Rk
Ra L U7z BRI R A B ER R 2 Sl L 0 EBRIICFRES L, R TOE WA B R
Fa2FH LKA HDD ffS~y R E~OIAP SN TS, L LR oIsH EoffEe: LT,
FIRIZHBIT DA RIBEO L7 5 YGEITN R ?N42%@L@$kﬁﬁﬁ%ﬁﬁ@ﬁ@m®ﬂm&5%
R REMJEILELFEIN TN D, (o T, T30 RAEHEBLOT-DIZIE, KA AT —EBOMEHEAR « 24
RVERIRFE - S5 A R WMéﬁth%ﬂ%@xa/ﬁW4%ﬁﬁb W7 2 it b & X D MBS B
b, LML, BIRTORE U REBROFNICIE, ERESIEIIE -2 w2 fn Tz 0E 45
TS ZERRE S To D, MBHER T N A AERGME O Rl b &2 R 09IAT 9 Z L IFIERICHEETH D,
WA, 52 X0 BEERIC I T 2 BRSSP R (AMR) 2 B FE 0B Y ] 9 #iic 7 Blime 7 L
BRI, N—T AZNMEO AMR BHFEOFFIILT AL D Z EARENE Y, ZHUCESE Yang HiX
Co,Fe, Mn,Si HEFEHZ I 1T 5 AMR 22 BHANCFHI L, MWV A B UARIBERAE 5D x=0.6 1238\ T
ITEHPSOFHEERY AMR BNAICAR YD . AMR ZIEEROBIEN N—T A X VMBPHER ORI L b Z & &R L
DR TIE NS O R A FIZHE S 5729D10, Co,MnZ, Co,FeZ(Z = Al, Si, Ga, Ge) D & O ifsiztk}
IZH1F D AMR Zh R % RAEHIICE BRI L, S4fak, HAIEE, W ONZ CPP-GMR #7281 2 A EHizh
DRE X ERAWINTHITT 5 Z LI2 LD, AMR B ROF5 K Ot & A & Rt ORI B9 2 a7 %
"/HZEEHEME LT,

0.3f .

=BnE o
HBEEZE R Ry X HEE T K> T Co,MnZ, CoFeZ (50 0.2} 2 CoFeCa.0, g
nm)% MgO Wikt Kb I SR U, BVLERIEFE 4 300 — -gg$§§ T
650CE T L & E72, AMR 2 RITFEF A 2 EHE L, S5 gomw@mﬁms AL
st (5kOe)Z WENRIHI N J7 HI ClRITE S5 Z & 12 i@%ﬁt/ 2 oo ‘ %
oo A 27— ORETH Ny & ERISHT 5 72010, 1P i, ', 3WKH© l
%ﬁ_xofmmAm%ﬁmmkAMme%_owfﬁﬁ 2 o1t oiz
L7, i E
ER#ER 02 ? 10K
{E#L L 7= CojFeZ,Co,MnZ ZIEREL D AMR Al T4 0.3} Negative

NIZHRLTF By R LIEHER N—T A Z Ty v 7% ik
T %5 AMR O IEADOZELH PRI MRS S /- (Fig.l), E721E
Sk CPP-GMR D EBRAEF L DOEZIZ LV | mUWAD AMR
BEE SIS E L2, FARREEIZ U T, A&7 MR O Fig. 1 Total valence electron number Nv
ARA VB B & BRI SR < i, ABFZRIC L0 | dependence of AMR ratio in Co:MnZ and
i 72 AMR 20 OBEC L 0 B 2 o RRIc T 5, CoFes”

BDELND 2 EBNHERS N, P

2 ik 1) S. Kokado et al., J. Phys. Soc. Jpn. 81, 024705 (2012).  2) F. Yang et al., Phys. Rev. B, 86, 020409R

(2012) 3) Y. Sakuraba et al., Appl. Phys. Lett. 104, 172407 (2014).
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Coy(Fe, Mn)(Si, Al)7= A A T — &4 ORI R
Magnetoresistances Effects in Co,(Fe, Mn)(Si, Al) Heusler Alloys

KRF Obh, EH 5EFH. W 9B
(RAER4aHF)
H. Yako, T. Kubota, and K. Takanashi
(Institute for Materials Research, Tohoku Univ.)

L ®HIC
HFOFFOEMEAE D2 O OHMBELISH L THEELAR T2 A he =7 25BIIaE B EE
RETED T, 20 EMREILE EBT L -DICE WA Y U DR 2T HMEOBRBERED ST W5,
FRIZ, N—=T RZNVFA AT —BEBITENVAE U SBEEFLTND I ENBIEREZED TWD, fil, #
JESZ J 0 B MERKIEGUI R (AMR)ICHE T 2R L 2 D50 N—T A Z AL HBRE R T2 &
WG SN Y, AR TIE, 5 TTREA X T —E4 CoyFe, Mn)(Si, ANIZOW T, AMR 2R OAEH, *
BHER SR 72 & NTRIERERAAPEIZ OV TIREZITV, =T A Z L OBHRIZOW TR 5o
EERAE
MgO (100) A% 650°C TV 7 v v > 7 LTtk FEMUNEE TN 223 B CosFegsMngs(SipAly) (CFMSA) % 50
nm ARIE U7z, FESUINZGEEE X, 300°C, 400°C, 500°C, 600°C & L7z, x=0,1 D 4 ThA AT —H &2 T
EEEeY —7 Y MEHW 5 ILHA AT — 580 RERFZIE Coy(Fe, Mn)Si (CFMS) 35 & Ut Co,(Fe,Mn)AIl (CFM
A) =7 ENEDRIFFANN Y XY RIE LT, A 2T —E&8ME%ZIL, BEIED=0lcx v v 78
ELTAUZ 2nm i U7z, BBFORPUEIXE IR 4 S5 71512 L D 100 pA OFEN 2 5 UEHZ i L CRIE Lz,
AMR Zh 5313, 2 kOe DI 2 WAL 45 Sy il 5 i HUIN % 2 & Chédk

B fUFD S A, AUBHE M Y 718 CEEE S5 2 & TRl L7, f Lot f CrviA
E A 1L X #RIEIHT (XRD) &, £7-. Wbz sUBHREV L /)5 1.000 e
(VSM) 12 & 0 2 = B L7, voo | &
ERiER
RS L 7= 230k, XRD HIEDFERETE X F 2 v LHE LTS 0% 1
T L ERER LTz, E7o. FEBUNEGEEE 500°C TERL L 7= CFMA, ~ 0997
CFMSA. CFMS IZoV TR b L2, ARSI RN 5 ks 7 5 " |
B % #eRB Lz, VSM ITE DRSS, L2 M08 3 ikt oy 8 1000 Bl
WAL S V2 R DTl - 72, Fig. 112 CFMA, CFMSA, CFMS < 099 |
HIEORIRICI T 5 AMR HifRa 7R, BBOAEI, BB 2 e |
(W) D EATT D562 00 EX LT, 2 TOREHIBWTAD %0”7
AMR ZWENBI S 7z, £7=. AMR O CFMSA M. & | ¢
BUT 0L IR LD Z LR ote, BT, AMRIEOR .
BB LB PR EE YR A7 72 & ONC T A 00 [ KRG U N
PEF ORSIHEE L OBERICOWThEmT 2 TETH D, 09T aal
% 0.998
ARFFEO—EIE, AASMHERS BT A% (S) (No. s A A ——
25220910) N, fE#MA N L—UHEERRE (SRC) 12Xk 2 % 0 45 90 135 180 225 270 315 360
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£330k restance. in CEMA. GFMSA and
1) Y. Sakuraba et al., Appl. Phys. Lett., 104, 172407 (2014). CFMS films at room temperature.
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bee B Cu B4 AX—Y—@EIZ 7= CPPGMR

HARFER, EEA T R
YIE - MBI TERE R
CPPGMR using Cu-based bcce alloys for a spacer layer
T. Furubayashi, Y.K. Takahashi, K.Hono
National Institute for Materials Science

FC®HIC

ZNFETCPPGMR £EAFDAN—HP—Jg L LCd fec BB THD Cudb D WL Ag NEL FANWSNTED,
Co AR A AT — G & OMAGOEIZEI Y REZL MREXAELNTND, AX—H—fFL LTHA X
7 —E@ L L bee BEDMEIEZ WD Z LIZLY, RE TR REEHERE LI MR PRESND
EWVWS TREMNS, ZivE T L2 M Cu,RhSn [1] X° B2 A NiAl [2] 23534 H LT X 2 RBHE R RITE 5Ty
20, TNBDEETIIA Y UHEBOBENKE VT2 MR BARDIEIZ L~ L TW DD TR s
WO ZENRBEZXBND, £ TAIETIE, FROMEEEEZ DA UIEHOEN NS NWEEZ X N5
MELE LT R FES D HRA/ NS < EoiMcFE 25 £720 B2 8 CuZn 54 KT D0 CuAl 544 A
——EIZHWD Z L ERATL, CLALIZERMATH DDAy ZEE U TIER TE 2 R[EEMEN H 5,
EER

Wattig & L CldadsA 2 7 —454: Co.Fe(GaysGeys) (CFGG) % V=, A B 2L 77 CPPGMR - 1ERL D
728, MgO(001)HifH &b Hb 112 sub/Cr(10)/Ag(100)/CEFGG(10)/CuZn or CusAl(5)/CFGG(10)/Ag(5)Ru(8). HEHLA
I (nm), OFEEHE T~/ 2 hr ARy XXV R L7z, BUERZIC T =— /L2470, B Tz &
YV CPP MIE T 2R LT,

R

X HRIEHT OfE R MR E HFEE & RIAR D HAR & THUE %2 VT CFGG EIZAERL L 72 20nm JE 0 CuZn 1X(001)
T2 X v VR LT B2EiEE & H 2 &
Mo T2, CusALIZ(001) FALO = B Z F 3 ¥ JLRL
BRI NT0y, DOy BLHIEE 2 7~ 3 [EHmf I R
LT, A2 R HHETH DL EEZBND, A

17 SR CIE L7 B2 L X BT (ARA) i 9 ]
ZT =—WRE T, L OR LT, D720 Ag < 10k % -

15 - . . . .

O Cuzn 1
- A CusAl .
X

AR —H—% - [R] U SRR 8 | RIS O 31 O
B3] bRLTWA2S, HEAEKW T, T Cu 254

EEHWTEHTRBH L NITEV ARA BME LTINS,
Ag A= — DA AR EEL D A 7 IRt
FREEABBR X5 = L 125 ) MR 2SB5A LT 5 5r T
LEZHNS,

ARA (mQ-um
F—>—

AAFFE1L ISPT BHAFEr 2224609, 25249087 D BhY L i
EZFTbDTH D, 0 .

B E TR Ta (°C)

[1] K. Nikolaev et al., Appl. Phys. Lett. 94, 222501 (2009).
[2] N. Hase et al., J. Magn. Magn. Mater. 324, 440 (2011).
[3] H.S. Goripati et al. J. Appl.Phys. 113, 043901 (2013).
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Crystal orientation dependence of band matching in CPP-GMR pseudo
spin-valves with Co,Fe(Ge, sGa,s) Heusler alloy and NiAl spacer

Jiamin CHEN', T. Furubayashiz, Y. K. Takahashi’, and K. Hono?"'

'University of Tsukuba, *National Institute for Materials Science

According to the Valet—Fert model', the MR ratio depends not only upon the bulk spin polarization and the resistivity
of ferromagnetic (FM) layers, but also upon the interfacial spin asymmetry that is a function of the lattice and band
matching at the FM/non-magnetic metal (NM) interfaces’. It is highly relevant, therefore, to study whether or not the
crystal orientation relationship between the Heusler layers and a spacer layer affects the interfacial spin scattering
asymmetries or MR outputs. In our previous study of (001) and (110) epitaxial CPP-GMR devices, we found the change
of crystal orientation in Co,FeGagsGeys(CFGG)/Ag system had introduced a different lattice mismatch at CFGG/Ag
interface resulting in various MR outputs. The influence of lattice matching on the interfacial spin scattering asymmetry
is considered to be the main reason for the ARA value difference’. However, how the band matching changes according
to different crystal orientation is still unclear to us, because both lattice matching and band matching change when we
alter the crystal orientation in CFGG/Ag system. To focus only on the band matching influence, we prepared CPP-GMR
PSVs consisting of CFGG and B2 NiAl alloy for a spacer’. This combination is free of lattice matching influence
depending on the crystal orientation because both alloys have the same bec structure. The effects of the crystal
orientation on band matching were examined by comparing with the devices’ MR output in (001) and (110) orientations.

Pseudo spin valves (PSVs) in (110) orientation with the layer structure of
sapphire/Ta(20)/W(100)/NiAl(10)/CFGG(10)/NiAl(2,5)/CFGG(10)/NiAl(5)/Ru(8) and (001) orientation with structure
of MgO(001)/Cr10/Ag(100)/NiAl(10)/CFGG(10)/NiAl(2,5)/CFGG(10)/NiAl(5)/Ru(8) (unit: nm) were fabricated using
an ultrahigh vacuum magnetron sputtering machine. The films were annealed at temperatures ranging from 300 to 600
°C after the deposition. The microstructure was characterized by XRD, HADDF-STEM and EDS mapping.

Figure 1 summarizes ARA against the annealing temperature T,. At the T, of 300 and 600 °C, Both (110) orientation
and (001) orientation devices show similar AR4 values. When the spacer thickness reduces form 5nm to 2nm, the MR
outputs improve slightly. These results suggest that there is no or very small orientation dependence of band matching
on MR output.

Figure 2 shows the plot of the saturation magnetization/unit film area (M/4) value as a function of #. The intercept
of the #r vs. My/A plot represents the thickness of the magnetic dead layer at CFGG/NiAl interface. Both films in two
different orientations show negligibly small dead layer thickness, which indicates a good lattice matching between the
CFGG and NiAl layers. This result proves that the films are comparable and free of lattice matching influence on MR

output.
p 55 . . . . .
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[1] Valet and A. Fert, Phys. Rev. B 48, 7099 (1993). 0% H o 5 2 Y
[2] K. Nikolaev et al., Appl. Phys. Lett. 94, 222501 (2009). M/A (emu/em’)
[3]J. Chen et al., J. Appl. Phys. in press. Fig.2 Plots of M/A versus CFGG layer
thickness (#r) (a) in an (001)-oriented CFGG
[4] N. Hase et al., J. Magn. Magn. Mater. 324, 440 (2011). film and (b) in a (110)-oriented CFGG film.
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CPP-GMR pseudo spin-valves using ferromagnetic Heusler layer
Co,Fe(Gay 5Ge, 5) and nonmagnetic Heusler spacer Cu,CrAl

Y. Du'?, T. Furubayashi’, Y. K. Takahashi’, Y. Sakuraba®, K. Hono™'
'Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8571, Japan
National Institute for Materials Science, Tsukuba 305-0047, Japan

The current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) devices utilizing Co-based full Heusler
alloys in the past few years have drawn much attention due to their potential application in the read sensors of ultrahigh
density hard disk drives. Recent studies by Li et al and Sakuraba et al have demonstrated large MR ratio of over 50%
and resistance change-area (ARA) product of ~12 mQ pm” by depositing epitaxial CPP-GMR film stacks on MgO (001)
single-crystalline substrates. In these works, Ag was adopted as the spacer layer. On the other hand, other spacer
materials have been proposed theoretically and experimentally. Nikolaev et al realized the all-Heusler CPP-GMR
devices with ferromagnetic Co,MnGe (CMG) and nonmagnetic Rh,CuSn (RCS) Heusler films. Desirable band
matching for the majority spins of CMG and RCS was proved by band calculations and finally the AR4 of 4 mQ yum’
was achieved. Another work by Ko et al demonstrated the possible usage of Heusler spacer Cu,CrAl (CCA) for the
CPP-GMR devices, yet no experimental work was done. In this work we investigated the CPP-GMR properties of
pseudo spin-valves using ferromagnetic Heusler layer Co,Fe(GagsGeys) (CFGG) and nonmagnetic Heusler spacer
CCA.

Thin film of Cr(10)/Ag(100)/CFGG(15)/CCA(20)/Ag(5)/Ru(8) was sputter-deposited on MgO(001) substrates and
annealed from 300°C to 400°C. The CCA films with different compositions were investigated by using different
sputtering targets. The structural properties were examined by XRD, HAADF-STEM and EDS mapping. For the
CPP-GMR properties, film stack of Cr(10)/Ag(100)/CFGG(5)/CCA(tn)/CFGG(5)/Ag(5)/Ru(8) was deposited and
annealed at 300°C before the microfabrication. Four-probe measurement was performed for transport properties.

For CCA thin films with the composition of Cu,Crq7,Al, as shown in Figure 1, CCA (002) peak that indicates B2
ordering appears when annealed above 300°C. Better L2, ordering is observed when performing the Phi scan for the
films. CPP-GMR devices with 10 nm CFGG and 5 nm CCA demonstrated MR ratio of 4-5%. On the other hand, when
increasing the Cr content in the Cu,CrxAl films from x=0.72 to x=1, the MR ratio decreases dramatically, and this
indicates that excess Cr is detrimental to improve the MR output. Finally, in Figure 2 we summarized the MR ratio as a
function of the CCA thickness (#y varies from 2.8-5.0 nm), possible interlayer exchange coupling in the elliptical

CPP-GMR devices may explain the MR oscillation.

Reference
1) Li et al., Appl. Phys. Lett. 103 (2013) 042405  2) Sakuraba et al., Appl. Phys. Lett. 101 (2012) 252408
3) Nikolaev et al., Appl. Phys. Lett. 94 (2009) 222501 4) Ko et al., Appl. Phys. Lett. 95 (2009) 202502
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Figure 1 XRD profiles for film stack of
MgO//Cr10/Ag100/CFGG15/CCA20/Ag5/Ru8.
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Figure 2 MR ratio as a function of CCA spacer thickness.
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High power spin torque oscillator using a Co,(Fe,Mn)Si alloy
T. Seki, Y. Sakuraba’, H. Arai*, H. Imamura* and K. Takanashi
(IMR, Tohoku Univ., *AIST, "Present affiliation: NIMS)
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Operating principle of a three-terminal domain wall device
with perpendicularly magnetized Ta/CoFeB/MgO free layer
H. Tanigawa, T. Suzuki, K. Suemitsu, N. Ohshima, T. Kitamura, T. Ohkochi*, M. Kotsugi*, T. Kinoshita*,
T. Koyama**, D. Chiba**, Y. Yoshimura***, K. Ueda***, T. Ono***, E. Kariyada
(RSMC, *JASRI, **Tokyo Univ., ***Kyoto Univ.)
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Fig. 1 Schematic illustration of the three-terminal
DW device and experimental setup.
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1) T. Suzuki et. al., Symp. VLSI Technology Dig. Tech. Pap., 2013, p. 138.
2) S. Fukami et. al., Appl. Phys. Lett. 98, 082504 (2011).
3) H. Tanigawa et. al., Jpn. J. Appl. Phys. 53, 063001 (2014).
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Writing properties of domain wall MRAM devices using one step etching process for MTdJ films
K. Suemitsu, T. Suzuki, H. Tanigawa, T. Kitamura, E. Kariyada
(RSMC)
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1) S. Fukami et. al., Symp. VLSI Technology Dig. Tech. Pap., 2009, p. 230.
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MR-loops of perpendicularly magnetized MTJ with CoPt/Ru/CoPt reference layer
A. Fukushima, K. Yakushiji, M. Konoto, H. Kubota, H. Imamura and S. Yuasa
(Spintronics Research Center, National Institute of Advanced Industrial Science and Technology)
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MR element fabrication with lift-off process by dry ice blaster
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4pD-9 a8l B ARA

By

AE Y hu I AOMERSEFICEWT, IR REREERENRZE T NEZ AL TWS, REEEOM
BV, ~y ROBGIES MRAM 1 OFAIMEAN ZR v, 100 nm LT Ol 727 /34 212 K A5
NERINTWD, CPPETOET LY., VIARMNE—EvRAZ LTHIV 07, HiGEIZELD=
—T T BEWEEI L AFEEL V) TEMHWSLND Z ENEL, KT Y 7 A7 O TRICHEFEMEN
N DB ARSI T D, RPFEO/NFE R FERER CIIRBBEIC I L&A R EFE D L 2 L B HEET
Y., BT EEDD Z LR TERVRITH S, .
WFEIEARIZ L 1 ) KL Ak L7l e K5 A 7 A AR T2 5 o B wthout iy e plst
—HL TR MY TS &, o<, ML YR e T TS T -
BIRMIZHEE SN D, ZTOTERTY 7 b A T7IERGITER I NDEN, £ 1000 -
TAK LT RT A T A ZRi o & DI L A EERSOMM A 72 7 A —
I ENBEEIND, INHDEIZOWTIHRDZDEFIMIEITD,
A A2 1T - 72,
REAZE ol
ABHI MGO-MTI PR D ALY NV T Th %, ETFEMIIT 4 N Y ol ot
VPG 4= AAF Y I PIC Lo TINT. L, ALV b & £,
FIWEBETRY V757 4— b " — okt 57 v v 7 E N T e
AV I T TRICE > TI00MmMBEDEY 7 —R_R¥— 2k LTz, 2V 1. fEBLL7-% 70 MR
YKo TE T —ILAEITV, RF A3y #1215 T Si0y(35nm) % = WOART AT A ALER B
—T 4T L0, BREMRA® Cubnm 2kt TRIE L, ZoiEEHT TNV D T,
st LT, B E L R VAROERGOQREE)ZMMA L) 2T, K7

AT A ARiF (&b T4 7 A4 ABEE) CUBE 21T o7, BRI X
WMAAFTAT—CHREBEL., FEHZIIA A AR ORNR T A =T —% iz,
FSIT-25CLLF C, BB ICHFE R SIXA b o7z, sEHE, WER% IR
VURANERBET A0 A— =T L7, F/o, ool ULA—N
—ZHWT 1 h FRE RS Beve DA 21T - 723 Bk bR L 72,
RERER

K 1IZRTA T A AT A 217> CTUER L7250k & | 5Ek DBE e O -
BZEBY 7 A7 T B TIER LI B O RIS B O W R R % 7, 2 KBt DRUFL O
WEZ I LT, TR VNI R N TR 57 A —viaRe  SEM&
Nighnot-, £72K 22T A OFHEE%OFEIO SEM 4 %59, THE B Tidk 1 h FE OB F I vs Chie g
BNCY 7 RATPITZD0, MIHICER EDFT AU NN 57 8T 5 LHEENREEL 720 . EROFH
PERE, —F, TR A T, WO AT 250nm L FOFR FIXIZIEETHBECX 7=, Lo L., 400nm L EoD
KRERFBATIHIFEAETHBES N o722, REORE LU A MIWBATRENIRS KT A4 7 A kL
TN G ITHBECE RN ER g oTe, RIAT A ALBL, BET RO A XOFESEE
ThdHEEZDLND, LOLRNRL, MR TFZ2ELHMICITE L TEBY, AITHLZ LR 0hoT,
BEE OAWFZEO —TIX, RIFEEE OEFHEE A ) RX— g MEEFEIC IV BkEnb 0T,

900 ~

Sample AR ()
(1) ¥ g 9jdwes

800 |-

-

— 276 —



4pD - 10 538l ARSI AR (2014)

RA AT —E4 CoFeAl & A B %)L Mg-Al-O N 7 %
W TR HE A TREENE o R VRS

MIFRTE ' T. Scheike'?, #AkFHR || Z.C. Wen', FERIE—HE ', =4Aaka 2
("R BA . 2 HLIR)
Lattice-matched magnetic tunnel junctions using Heusler alloy Co,FeAl and spinel Mg-Al-O barrier
H. Sukegawa,l T. Scheike,l’2 T. Furubayashi,1 Z.C. Wen,1 K. Inomata, 'S. Mitani'?
('NIMS, *Univ. Tsukuba)
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