15aC - 1 Fad B HARBRFDFIGREELE  (2020)
C0,ScAs/Mn,ScAs 2% JE I D FE AR AEIZ %3~ 5 55— R B EH AL

i BRI, AL, PHEREAT
(BEPER)
First principles calculations for magnetic multilayers based on Co,ScAs/Mn;ScAs
K. Fukugasako, S. Honda, and H. Itoh
(Kansai Univ.)
X I
N T X BOBEHIA B R 8 100% Th 572, Ikt MRAM @ MTI B~ G 23 iR S
NTW5, —F, ROBEMHERIINE TR E— A Y FEHTHIE L HWINRICHSG 2 IRE S E R0 e,
IR L CH B MTI MO BEAERZ £ Uy, 20 2 DOME Z 8 FF 0" BORigEEN— 7 2
ZNDESE LT, A AT —B 4% @I CoScAS[2 MLYMNSCAS[2 ML Z 4242 L7z, LavL, s
LTCOHEZZ 125G, WREOES | ZE LTS AR S5 & 72 o 72,
AR Tl CozSCAS/IMn ScAs ZBIRDIFEIE & Witk 2 2L 3, ZhEnOE KRBT X LF—I2o
WCHE L, JEH EoF A% ZRET 5,

HU . BB
Fig. 1ICRT X510, 2HEDFA 2T —Abirbid COZSCASI SeAs T
4 JE I Co,ScAs[2n MLY/Mn,ScAs[2n ML]o>(00L) /g =\
TREME, BTRIEEIE, 2 RS L ORRT— A Sehs = IMnZSCAS

K%, PAW & GGA % W =5 —JFHiEH TR 5

Fig. 1 Magnetic multilayer based on
o sk s half-metallic Heusler alloys
FHEE R g

C02SCAs Ji§ & Mn2ScAs Ji& DL SCEATZREE (ROFRIENE) D= 1L F—Eqp 38 L OATZRRAE (3R
Welk) OTZRNVF—E I OWNWT, FHETHELNIZZRVFX —ZE% Fig. 2 1277, n=1~-5 2 TOREEREIZE
WTC Ep <Ep &0, BN ERIRIETHD Z N ghole, o, TOZRVF —EITFEED
e & BB L TV EFEEN D, TABLE LIFKE—AL R M EAEUGBEP O
FRFEEZ LIORL TN D, 2 TORET, MAVNS P BKRERREE (KERMENN—T 2 2 1) &
o TNDZ ENPN5D,

e
_ 0.08- e oo * ] Layer Thickness[ML]| M[uB] P [%]
% oosf . 1 0.0334 88.1
ST ] 2 0.0082 99.7
S . | 3 0.0570 | 954
0021 & ] 4 0.0572 97.6
o 5 0.0738 | 956

Layer Thickness[22 ML]
Fig. 2 Energy difference(%- Fuy) TABLE 1 Magnetic moment and spin polarization



15aC -2 Fa4 Bl HAMK SRR (2020)
i 7# CorFeSi/MgO F& & 1 1E O IR i & o255 OfENT

FARBOY, @A, TIsst
(R TERY Tkt BRETR)
Microstructure and elemental distribution of ultrathin Co,FeSi/MgO structure
E. Matsushita, Y. Takamura, S. Nakagawa
(Dept. of Electrical and Electronic Eng., Sch. of Eng., Tokyo Inst. of Tech.)

[ZLC&HIZ

A SRR 100%0D /N— T A Z JVIEEIERHME) 2 W - R ERA b o RS (-MTHIX, FEEICE
W R ROVEERIRPUE DS I S D 720, RO ARFERMEA TV H L LTHEREN TN D, ZILE THx
%, HMF & PHIEN TV D 7Lk A 2T —8H4 CoFeSi(CFS) &, Fe RA& a6 1 5 L RE 1A O RHEBK
BLGVEDFEBLT D ATRelED 8 D MgOh? & o @A /EHRL L, W s CFS IC R EM KR S E(PMA) & 15T &
HZEERRLTERZI, BT, 20 CFS/MgO BT DR ST TEDFEM e fE# T 2>5, CFS DIEE
2304nm 7205 14 nm (ZBWTII VY Oy b EE S ICR 2R > TnbH 2 &, BLUZ D PMA 2
0.7nm LA FCRHET A Z LA LN LY. RIFFETIE, ZD/07 O PMA OEREZFHET 572012, i
MK CFS DO EMANT & B JEEIE O R T 22 1 247 - 7.

ERAEE

BHIX T # — 47 > ARy # U o 7B TIERLL 72 MgO(00 1) G i Hapk iz, Sy 7 7 @ & LT Cr40
nm & Pd 50 nm % i CHERE S 72%%, CFS J& % JEAIRE 300°C TRl L7=. = D%, CFS B D L% iE#E T
##E L, MgO2.7nm Z AR L7z, HZIC 10nm O Cr @ THx v v 7% L7

RS CFS DRSS E AT & AR AT ICIE, ERBIRAE FHMSE(STEM)Z V7o, FlaE & L,
23V D PMA D328 L7= CFS JEE S 0.6 nm DOFELE, Z2MET DH1D 1.4 nm OFEHE S8R L7z,

KRR

MgO HAR[100] 5 [FIZIR - 7= Wi > STEM 843 %17>7-. CFS
B O % FHI 5 7= 12, CFS B0 STEM (o4 w7 —y = (@) (b)
EH(FFT)L7-H D% Fig. 1 IZ/”7F. JEE 1.4nm @O CFS (%, JFA
NEE BTV 4 ODORF A E TOEMNETEHE LWWASY — 2 2R
L(Fig. 1 (a)), Z D#EFIX CFS B10)E [ TH D LR TE 5.
CFS DA EVEIEE Tk CFS 1Z(00 )AL 5 Z & 2Vbino T
WD DT, MGEBFR CITALRm A ZE (L L TS Z Enbiol.
F£72, 0.6 nm DOFREFD FFT /8% — 3R T, B i % 2l <

X 727 o 72 (Fig. 1 (b)). Fig. 1. FFT pattern for STEM images for
WICFE G 1T DJR 1 OF B IL# % STEM-5E = R /L% the CFS layer of

— 1RSI IEIE(BELS)IC & DM IHTIC £ 0 #FAli L 72, Fig. 2 (244 MgO-sub./Cr/Pd/CFS/MgO/Cr stacks.

JEHEIE T Fe & Co, Pd DT~ v BV 7 O RART. Mo (2) 1.4 nm — CFS, (b) 0.6 nm — CFS

FWVERRONEIA CFS BEEZX TWAEDTHD. EHLLDY
TIAZEBWTH PAA CFS BNICIEH L TV D Z L 3R S iz, (a)Fe Co Pd

i ek fIS BRI C oD 5 L 72 i 1) <0 P OHIEHR IS, FGERR CFS 1230 -
T, 2NV T DG H PMA ZRFOER & e > T2 rlEMEN & 5.

HEt

(b)Fe Co Pd
i

1nm
MgO
MgO

RIS, SRR B FET ) 77 ) uo—TF v h T I cFs
— LR E UTWHE - MBI BSR4 — e
LD (R B IPMXPO9AIINMOL11) %521 CH i L7-.

Pd Pd

B3 3
1) S.Ikeda et al.: Nat. Mater., 9, 721 (2010). Fig. 2. Composition analysis with STEM
2) Z.Wen et al: Appl. Phys. Lett., 98, 242507 (2011). —EELS.
3) Y. Takamura et al.: J. Appl. Phys., 115, 17C732 (2014). (a) 1.4 nm — CFS, (b) 0.6 nm — CFS

4) K. Shinohara et al.: AIP Advances, 8, 055923 (2018).
5) Y. Takamura et al.: J. Magn. Soc. Jpn., 43, 120 (2019).



15aC -3 Fad B HARBRFDFIGREELE  (2020)

L21-atomic order and spin-polarization in CooMnZ (Z = Ge, Sn) Heusler thin
films

Varun Kumar Kushwaha, Yuya Sakuraba, Tomoya Nakatani, and Kazuhiro Hono
National Institute for Material Science, 1-2-1 Sengen, Tsukuba, Ibaraki, 305-0047, Japan

Half-metallic Co,-based Heusler alloys have attracted much interest for spintronic applications because of
their predicted 100% spin-polarization (P) and high Curie temperature (Tc), which are expected to enhance the
performance of spintronic devices. In fact, several experimental studies have already demonstrated their effectiveness in
enhancing the giant-magnetoresistance, tunnel-magnetoresistance and spin-accumulation effects. Despite large
magnetoresistance (MR) ratio observed in Heusler-based devices, structural disorder is still one of the remaining issues
which lowers the spin-polarization. Therefore, a high degree of structural ordering is necessary to realize the
half-metallicity. An enhanced MR has been reported in various devices using Co.-based Heusler alloys such as
Co2MnSi and CozFeGeosGags by promoting the structural order (B2 - L2;-ordering) by annealing at high temperature
(> 500 °C). For various applications, however, applicable maximum annealing temperature is limited, e.g., less than
300 °C is required for a magnetic read head for HDD because of the temperature tolerance of the NiFe shield. Therefore,
it is desirable to search for other Heusler alloys which crystallize in L2;-order below 300 °C. The present work is
motivated by the Okubo et al. [1]’s report, where the L2, to B2-order transition temperature of Co.MnZ (Z = Ge, Sn)
alloys is found to be above 1500 K; and hence L2;-ordering is expected to appear even by annealing at relatively low
temperature.

Epitaxial Coo,MnZ (Z = Ge, Sn) (30 nm) and Co,FeGeosGaos (50 nm) films were grown on MgO (001) single
crystal substrate using ultra high vacuum magnetron sputtering at room temperature and subsequently annealed in-situ
at Tann = 200-700 °C to promote the Heusler ordering. Here, Co.MnZ (Z = Ge, Sn) films were grown on CosgFesp (3 nm)
buffer layer. The degree of L2;-ordering (Si21) as a function of Tan of CooMnZ (Z = Ge, Sn), CozFeGegsGaps and
Co.MnSi (Ref. [2]) films is displayed in Fig. 1(a). In case of Co.FeGeosGags and Co,MnSi, L2;-ordering was observed
above 500 °C; whereas that of Co.MnZ (Z = Ge, Sn) films appeared even in as-deposited and varies systematically with
increasing Tann. Non-local spin-valve (NLSV) devices were micro-fabricated to estimate the spin-polarization P of
CooMnZ (Z = Ge, Sn) and CozFeGegsGaos films by measuring the spin-accumulation signal in Cu channel. A
systematic variation in P with increasing Tan was observed in these alloys [Fig. 1(b)]. At Tan = 300 °C, the
spin-polarization P of Co,MnSn and Co.FeGeosGagswere found to be very close (~0.56) whereas that of Co,MnGe
film was higher (~0.67) which would be due to higher degree of L2;-ordering. These results suggest that Co.MnGe
alloy might be a better ferromagnetic electrode for practical applications.
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(c) Field dependence of the Hall conductivity, oxyand pxy (inset) .

(d) Magnetoconductance curve /1Gxx of the thinner (~50 nm) BiSb films.
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Spin current generated by the spin Hall effect (SHE) provides a bright way to manipulate the magnetization orientation
by spin-orbit torque (SOT) for energy-efficient spintronic devices. Recently, topological Weyl semimetals (WSMs)
emerge as promising materials for efficient spin-current generation in SOT devices, due to their topological nature of
the bulk band structures. A large intrinsic SHE has been predicted in the TaAs family of WSMs, arising from the
interplay of the large spin Berry curvature near the Weyl nodes®. The cobalt monosilicide CoSi is a newly discovered
WSM with two types of chiral topological fermions at the band-crossing points near the Fermi level®-4), while the spin
transport properties in the CoSi films have not been investigated. In this work, a comprehensive study on the
nanometer-scale CoSi thin films and their spin-transport properties is presented by combining experiments and
first-principles calculations.

CoSi-based thin films and heterostructures were fabricated by the magnetron sputtering in a high-vacuum sputter
chamber. The out-of-plane XRD measurement with Cu K, radiation was used to characterize the crystalline structure.
The morphology and surface structures were checked by atomic force microscopy and reflection high-energy electron
diffraction, respectively. Then, the samples were microfabricated into Hall bar structures by conventional UV
lithography and Ar ion milling. Electrical and magnetic transport properties were measured in a physical properties
measurement system at room temperature. Regarding the first-principles calculations, the generalized gradient
approximation using the full-potential linearized augmented plane-wave method was employed.

Polycrystalline CoSi films with the B20 crystal structure and the flat surface morphology were deposited on
sapphire c-plane substrates. The SHE and SOT signals in the CoSi films were studied by spin Hall magnetoresistance
and harmonic Hall measurements in multilayer stacks with the core structure of CoSi/CoFeB/MgO. The anti-damping
like and field like spin Hall conductivities (SHCs) of the CoSi films are evaluated to be 60 (#/e)Q~*cm™ and 95
(hle)Q~tcm™, respectively. The spin Hall efficiency of ~3.4% was obtained, which is appreciable in material systems
without any heavy elements. From the first-principles calculations, it is found that the hybridization between d-p
orbitals leads to a large enhancement of spin Berry curvature near the band crossings at the vicinity of the Fermi energy,
making the dominating contribution to the SHC in the CoSi. The maximum SHC amplitudes of ~147 and ~119 (%/e)
Q~'cm™ can be achieved when the Fermi energy shifts down to —0.16 and up to 0.24 eV, where correspond to dope of
0.51 holes and 0.28 electrons, respectively. Therefore, we suggest that the SHC of CoSi could be further improved by
doping with other elements, such as Fe or Ni. This work indicates that the d-p orbital hybridization plays a significant
role for spin-current generation in Weyl semimetals and will be beneficial for developing new topological materials
with large SHE.
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Low Current Driven Vertical Domain Wall Motion Memory

with Artificial Ferromagnet

Y. M. Hung', T. Li', R. Hisatomi', Y. Shiota', T. Moriyama', and T. Ono'?
"nstitute for Chemical Research, Kyoto University, Gokasho, Uji, Kyoto 611-0011, Japan.
*Center for Spintronics Research Network (CSRN), Graduate School of Engineering Science, Osaka
University, Toyonaka, Osaka 560-8531, Japan.

Domain wall (DW) motion in ferromagnetic nanowires is potential candidates of future memory technologies such as
racetrack memory". However, there are still some problems that hampers the commercialization of DW motion memories.
First, the DW width, which determined by the intrinsic properties of materials, is large (> 5 nm for Co?) as far as the
commercialization is concerned. Second, to precisely control DW position is a difficult task. Currently, the approach used
to control DW position is to fabricate well-designed pinning sites in nanowire". This approach needs complicated
nanofabrication process. Besides, lowering consumption power is also important for practical application. To attain low
current driven, precisely controllable, and applicable DW motion memory with high storage density, there is still a lot of
room for improvement. In this study, we propose a new type of vertical DW motion memory with artificial ferromagnet
and study the feasibility with micromagnetic simulation. Based on the proposed structure, narrow DW width, DW
controllability, as well as low J. down to 2 x 10'® A/m? can be achieved.

A schematic illustration of vertical DW motion memory proposed in this study is shown in Fig. 1. A 20-nm-diameter-
cylindrical magnetic wire, referred to as one memory cell, is an artificial ferromagnet. The main body of wire is composed
of periodically stacked bilayers of strong coupling layers (green layers) and weak coupling layers (yellow layers). The
purpose of the strong coupling layers is to carry storage bits, while the weak coupling layers carry DWs. We use
micromagnetic analysis to study the feasibility of device. In this study, the magnetic exchange stiffness (4cx) and uniaxial
magnetic anisotropy constant (K,) are 10 pJ/m, 10® J/m?, for the strong coupling layers, while 1-10 pJ/m, 0 J/m?, for the
weak coupling layers. We study dependences of DW width and J. on different 4.« of weak coupling layers. The thickness
of each layer is set to be 3 nm and the cell size for calculation is 1 nm cube.

Figure 2 shows the DW width as a function of 4.« of weak coupling layers. It can be observed that, as the 4.« decreases
to smaller than 3 pJ/m, the DW width can be narrowed to only 1 layer (3 nm). In addition, if the A« of weak coupling
layer increased to sufficiently large, J. for DW motion can be decreased down to 2 x 10'® A/m?, as shown in Fig. 3. The
results suggest that, as we optimize the 4 of weak coupling layers, it is possible to simultaneously achieve narrow DW
and low J. in artificial ferromagnet based magnetic nanowire. This study provides a promising way to speed up the
commercialization of DW motion memory.

Reference
1) S. Parkin, M. Hayashi, and L. Thomas, Science, 320, 190 (2008).
2) L. Thomas, M. G. Samant, and S. S. P. Parkin, Phys. Rev. Lett., 84, 1816 (2000).
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[1] L. Thomas, et al., IEEE International Electron Device Meeting pp. 27.3.1-4 (2018).

[2] S.Rohart, A.Thiaville, APS Physics 88, 184422 (2013).

[3] S.Takamatsu, et al., "Reducing the switching current with a Dzyaloshinskii-Moriya interactionin nanomagnets
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Static structures and dynamics of frustrated bimerons

Xichao Zhang?, Jing Xia?, Motohiko Ezawa?, Oleg A. Tretiakov*, Guoping Zhao®, Yan Zhou?, Xiaoxi Liu*

! Department of Electrical and Computer Engineering, Shinshu University, Nagano 380-8553, Japan
2 School of Science and Engineering, The Chinese University of Hong Kong, Shenzhen, China
% Department of Applied Physics, The University of Tokyo, Tokyo 113-8656, Japan
# School of Physics, The University of New South Wales, Sydney 2052, Australia
5 College of Physics and Electronic Engineering, Sichuan Normal University, Chengdu 610068, China

The magnetic spin textures with non-trivial topology has been an important topic in the fields of magnetism and
spintronics for the last few years [1]. For example, the magnetic skyrmion is a promising topological spin texture, which
exists in perpendicularly magnetized systems and can be used as a spintronic information carrier. Magnetic bimeron is a
topological counterpart of skyrmions in in-plane magnets, which can also be used to carry information. In this work [2],
we report the static properties of bimerons with different topological structures in a frustrated ferromagnetic monolayer,
where the bimeron structure is characterized by the vorticity Qy and helicity #. It is found that the bimeron energy
increases with Qy, and the energy of an isolated bimeron with Q, = £1 depends on 7. We also report the dynamics of
frustrated bimerons driven by the spin-orbit torques, which depend on the strength of the damping-like and field-like
torques. We find that the isolated bimeron with Q, = +1 can be driven into linear or elliptical motion when the spin
polarization is perpendicular to the easy axis. We numerically reveal the damping dependence of the bimeron Hall angle
driven by the damping-like torque. Besides, the isolated bimeron with Qy = 1 can be driven into rotation by the
damping-like torque when the spin polarization is parallel to the easy axis. The rotation frequency is proportional to the
driving current density. In addition, we numerically demonstrate the possibility of creating a bimeron state with a higher
or lower topological charge by the current-driven collision and merging of bimeron states with different Qy. Our results
could be useful for understanding the bimeron physics in frustrated magnetic systems.

References

1) Nat. Rev. Phys. 2, 492 (2020); J. Phys. D: Appl. Phys. 53, 363001 (2020); J. Phys.: Condens. Matter 32, 143001
(2020); J. Appl. Phys. 124, 240901 (2018); Nat. Rev. Mats. 2, 17031 (2017); Adv. Mater. 29, 1603227 (2017); Phys.
Rep. 704, 1 (2017); J. Phys. D: Appl. Phys. 49, 423001 (2016); Proc. IEEE 104, 2040 (2016); Nat. Rev. Mats. 1,
16044 (2016); J. Phys.: Condens. Matter 27, 503001 (2015); Nat. Nanotech. 8, 899 (2013).

Phys. Rev. B 101, 144435 (2020).
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Figure 1. (a) Hlustration of a skyrmion with Q, = 1. (b) Illustration of a bimermon with Q, = 1. (c) Top view of
simulated static bimeron solutions with different Qy and #. (d) Current-induced collision and merging of an isolated
bimeron and a cluster-like bimeron state. More details can be found in [Phys. Rev. B 101, 144435 (2020)].
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Micromagnetic approach to current-induced domain motion of an elliptical skyrmion
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****Tohoku Univ. IMRAM, *****Keio Univ. CSRN)

L LI

BFAE Y br =7 AT S, AT, A UHGEFEAER (SO, M OMBHGHIFE AR (HF) 359U 4y 41k
EBEBRTLZLICED  RnAY Y ae— L AR, KUK E RESEIIIMR)ZI R DO EB N HIFRF T 5[1, 2],
ATl BRI v O A FIH Lz 7 A ERFIE[8] 2 W\ 5D Z & T NigFexp/Mgs(M = Al, Er, g =
8-hydroxyquinolinato)/NissFez 7~/ #:GH# 2 ER L, EXSERME, K OBSIEIIRIR 2~ 7,

ERFGE

NizgFeo M EMOMERIZ 1T A 4 B — A8y Z ik, BE
BIE R OL T B E 2 W2, 0 F OREICIE A v 2
—T 4 TEERAWE, 2KV K1 OFARKIIRT T B2
BFELEER LT, F T OBXBER AN I3RS e
S ih, ORISR — s Rk & iz,

ERER

112 NizgFe22/Alga/NizgFezs 32112 31T 2 FRELOEES HfE K
FMEERT, FHRER L OREIC LY | BXEERHE IS
AR S L CaEIREE, LR, ROV & OEBIREN
TET 2 2 E R BN~ 72, M 2@ICIRIEH &2 77 L= T/
A AT S =33X33nmd) D MR 2184 7~4, RiRIC T MR
zh B o Bl (MR F =0.3%) (2 Bk 2h L 7=, 2(b) I
NizgFe2/Ergs/NizsFen 1 MR 21 %759, MR HiZ 0.7%%
L. Ni73F€22/A|Q3/Ni73F€22 %%@ MREXV E 2 Eﬁ%&*‘iﬁ%
B Enbholz, EEEERIT dulliere 7 WIZ KX HFHE
FEREBW—EERLIZ Al DAY R B2 THDZ Lokt
L., ErOEAE L0 THDHZ END, HF /NS Ergs &
HANDZENRREZ MR ILOBINICE T2 B2 B D,

B Rk

[1] C. Barraud et al., Nat. Phys. 6, 615 (2010).

[2] X. Zhang et al., Nat. Commun. 4, 1392 (2013).
[3] T. Misawa et al., Appl. Surf. Sci. 390, 666 (2016).
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Investigation of negative spin-polarization in FexCri-x thin films for spin-torque oscillator
Nagarjuna Asam!, Tomoya Nakatani !, Hossein Sepehri-Amin', Yohei Kota?, Yuya Sakuraba', Kazuhiro Hono'
'National Institute for Materials Science, 1-2-1 Sengen, Tsukuba, Ibaraki 305-0047, Japan
’National Institute of Technology, Fukushima Collage, Iwaki, Fukushima 970-8034, Japan

Magnetic materials having negative spin polarization have recently attracted attention because of potential
application in the spin torque oscillator (STO) for Microwave assisted magnetic recording (MAMR). FeCr is one of the
candidate materials showing negative spin polarization. Experimentally, Vouille et al. reported the spin polarization of
Fe70Crso at low temperature (4.2 K) to be -0.28%. Shimizu et al. have already demonstrated" the reduction of threshold
current density for the spin transfer torque (STT) induced magnetization precession using FeCr as a spin injection layer
(SIL) of STO. However, for practical application, fundamental study of this material is necessary to answer the following
several questions. ; What is the optimal composition of Fe,Cr)., for maximum MR ratio? How much is the theoretical
bulk spin polarization (f) and the experimental f at room temperature? To answer these questions, we performed

systematic study on the Fe,Cri film and those-based CPP-GMR devices.

The electronic conductivity of majority and minority spin electrons in Fe,Cri. was calculated based on Kubo-
Greenwood formula employing a method similar to the one previously reported for CoFe®. Our result shows very large
negative spin-polarization (f < -0.8) for Fe,..Cr, for x > 0.1, with progressively increasing f as x increases. Experimentally,
we made a series of several current perpendicular-to-plane giant magnetoresistance (CPP-GMR) devices as shown in
figure 1(a) using Fe.Cri.«(frecr) as the spin injection layer where x is chosen among {x=0.2, 0.3 and 0.4}, frecr (thickness
of Fe,Cr\., layer) is varied from 2 nm to 15 nm . For each thin film structure, we microfabricated pillar shaped CPP-GMR
devices using as-deposited films and performed electrical characterization. Figure 1(b) shows an example of negative

sign of GMR arising from the negative spin polarization of Fe,Cri... Our study showed that the best composition of Fe,Cr-

« 18 x=0.4 for maximum negative MR ratio. We 4 b)

. o Ta(2)/Au(150) ' ' ' '
also estimated the bulk spin-polarization (f) of top electrode 0.8t }
Fe70Crso to be -0.13, which is much lower than Ru 8nm §
the theoretical value. The possible reason for — 0.4+ 1

o ) GMR eznm 8 Fe7OCr30

large deviation of experimental [ from Fe,,Cr, @
h ical 1 ined b tFeCr nm m 00 """""""""""""""""""""
theoretica value was examine Yy Buffer layer s :
microstructure and element-resolved analysis for Ta5/Cu100/Ta10/Ru10 04 Fe Cr ® i

' 6040 4
the Fe,Cr., films. Bottom electrode , ',.‘ l l
References: Rl 100 50 0 50 100
1. Shimizu M et al. The 39th Annual conf. Magnetic Field (mT)

on Magnetics in Japan, Nagoya, 2015,  Figure 1. Negative sign of magnetoresistance (MR) in

10pE-3. Fe1.«Cr(trecr) /Cu(3 nm)/FessCos2(5 nm) (a) Film structure (b) MR curves
2. Barnas, J., et al. Phys. Rev. B - Condens. ~ showing negative MR ratio for Cr buffer layer and frec,/=5nm

Matter Mater. Phys. 72, 024426 (2005).

Kota, Y., et. al., J. Appl. Phys. 105, 07B716 (2009).

4. Vouille, C., et al. Phys. Rev. B - Condens. Matter Mater. Phys. 60, 6710—-6722 (1999).
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HMMFRFICE TS AFCEBENRDOYIaLb—Ya Y
AN KE, AR
BRIEFERT. HRE LR
Computer simulation of AFC effect for small MTJ
Hiroki Kimura, Yoshinobu Nakatani

Graduate School of Infomatics and Engineering, The University of Electro-Communications
X LC&IC

AV MV IIZ K Y BiMbRER (1] 2475 STT-MRAM[2] 1&, @& (LD 2O FlsksE T O, RO KEETRE
EOEBZRENBELINT WS, EFE, AHEOERELZEL 5 I & THREOMIN, FUBRELGEEZRIAL T,
BZENE 2 R U R0 R 2 ML ATEETH 2 Z 2 AURI N [3]. UL, ZOFIETIEEEENEI 1) T Kz
BIRBEOMIRAHE L B> T, MATRA &, EE d=30nm, & h=2nm OEHEICH U, Rk
K6 (AFC) M2 WS Z it &), NEEBEREELZEBTRETHD Z L 2R U7~ (4, AT PARTOMSET
AWZIZIRE D £ HEHBEOEREZ/NI U, BEEAMAICEIEAIREE 2. AFC Ml & 2 KIS EE DK
BRI ROA % FE L 72,
STERM

FRLERUL CoFeB D% FV, faflg k. M, = 600 emu/cm?, AT 1 v 7 X AEH A =1.0 x 10~ % erg/cm,
AV f#E P = 1.0, f@&EERLL v = 1.76 x 107rad/(Oe -s) & U7z, 7z, ACVERD/OVANE L, = 1.0ns,
B d = 10nm, EEOEE hy 1& 2 ~ 16nm & Z{LIE, NEOBE hy FEEE DRIV EDZ, SHIZ
ho/hy = O(¥JEREE: SL), 1/4 L B2 BREE X2, £-20D& X, BAEER K, 3BZEHER A =60 L 43
EOITEDS, BEDRMEEY, BEKEY I 2L —Y 3 Yy 270, KEBRBEE jo 2H#l,
e

EFT, ERd=10nm IETIEERICLBLZENERB A =60 L 2D RAMER K, 2K 11257, B
FIDFHRETHOWZZIRICE I 2 BREMERH A = 60 & 74225 % AEEHUL 3.48 Merg/cm® ThHh o7z, TDd,
d=10nm, h; > 10nm 2BV TiX. BEIOFHETHOZBIRE Y E/NIVEGHER TR LR T I 2, X
2, BonBAMEREHCT, Yalb—Yavild) KIEEEREE j. KD~ HERE2E2I1IRT, KLY,
JEJE by MRELRD LEHEMBER D720, KEBREE jow PRI BRDIEVHRTE 2, 220, BREH o
NI THILICEY, AFC HEIZ L > TRIZEIREE jo ZIRBARETH D Z Lo/, £/, BETOWI
IZBWTRINZEEDNIEERBEEDEBRENGE LN T WD L AT E 2, Lo T, MMIE I L TH AFC
MGG & 3 KIEBIREE DRI R E/OND ZLdvbhirol,

20 ' , 1000 ‘ : :
SL —e— hy=2nm,SL —— )
AFC hy = 2 nm, AFC
10 ‘ ] 100 hy=16nm, SL =il
LE> < hy =16 nm, AFC 1
=2 12¢ 11 E 10l /
(@) Ne <=
© <C
2 \ =
S 8¢ S | ~ i
NE — 3
12 16 -9
X4 i (om) ] 0. F—B—F—
% 4 8 12 16 001 g
hy (nm) o
Fig. 1 Effect of h1 on K, for A =60 Fig. 2 Effect of a on jsw
S B
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15pC -5 i
TMR & Y2 iz 7 v b BRSO
K gz !, 3 2, KB RS, BRI OBHE S, ARA ERELS, ik HER!
(RALRZLZEATERE, 2 RAERFEM BB &S IERT, S A v 77 7 7 U —(#K))
Detection of NMR signal by TMR based sensors
M. Oogane!, H. Wagatsuma!, S. Mizukami?, K. Fujiwara®, S. Kumagai®, Y. Ando'
('Graduate School of Engineering, Tohoku University, 2AIMR, Tohoku University,
3Spin Sensing Factory Corp.)
[XL®HIZ
SRIGHE b RS E VTR E Y (TMR ® oY) OFEREATREAICEATEY, t FoDOEe
b7 & A 29858 72 AERRES ORI S FIBEIC 72 > TV 2D D, RBFETIL, 7’1 b & ORSIEE (NMR) {3
7% TMR B HICE DR 2 2 L 2 AME LTHIEZTT 72, 78 b @O NMR R 578, LSRR D%
5372 MRS T ORI FTREIC 220U, FRANIZ =2 N S IR AL IR B 2 I 24 (MRI) ~O IS 2317 ©
S

ERERAE

KuEZITENy bR M A ZORET, 7a b B b EZE ST 270Dy L ) A4 Raf vieks, &
FEPIRIZTMR BV 2 Bl@E Lo, £72, A AT ERFEOIMUNS, SNBESGHIINH O~V LRy a4 )L
xiE L7 (® 1), YV /A Rag v 2E a2 L TR Z bk L7212, ~V ARy aAf |l k
0 FAE ST ERANE S )T NS LA RN~ D il 2 TMR & > YT K- THIE L7z,

EERER
NMR HEIZHZ TMR & o OPEREZ FEAN L7255, OB fREEIX 1 kHz (238 TH) 300 fT/Hz!™?
EIEFITNS W Enyinote, K 2 ICEWANBEES 2K 40 T & LI2GA 0, BEAY O HFSREE
(FID) EEHIZEEE T2 NMR 5 5 O—fil %2 ~3, BB FID (55038l sS4, -2 0FEEHIE, 7a b
WAL OB ER I L —F Lz, 2Dz &, TMR BUHI2 kv, B NMR (5 5 ORI LTz
=

B
AAFFENL IST-S 4 /X7 uyxy b, HIARFLRBBAY Y ba=7 AMFEREE 2 —, BLO, A
k=7 REFEE S L ¥ — D KA T i,

0.6 .

T—T T T
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1) K. Fujiwara et al., Appl. Phys. Express, 11 023001 (2018).
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CoFeBTa 7 & /L 7 7 Akttt @ 2 v 7= TMR & 4

Mahmoud Rasly, 43, Z& 7T, Hossein Sepehri-Amin, JM)II#AE, BLEEMTR
(WE - MBI IEREAS)
TMR sensors with amorphous CoFeBTa soft magnetic layer
M. Rasly, T. Nakatani, Jiangnan Li, H. Sepehri-Amin, H. Sukegawa, Y. Sakuraba
(National Institute for Materials Science)

[FL®IC

b RAEEIEPT (TMR) 2 WK 2BV T, IR T v Y oMK Z&RHT5 2 &
WHEETH L. ARERORMEIRA 7 EWES 2R O HICE, B CEIEEND, K/ A4 XD& 3R
METHDH., TDOLXH72 TMR BV OBEHBELE LT, NiFe (/S—<r ) & CoFeB OHEREESENHE SN
TWHN[1], —f%IZ NiFe & #tidh{k CoFeB OfE B FPEDEVNI LY TMR LMK T2 Z L BHETH 5.
CoFeSiB 72 E 7 /L 7 7 AMBEMAEL S A TH 5 A32], 300 °C FREE Chbidafb U CHBLESHE b D Z &
DETH H[3]. & Z TAMIETIE, CoFeB IZ Ta 2T 5 Z & THEALZHl L7, CoFeBTa (CFBT)%
HHJEIZH 72 TMR E 7 OfESRE, TMR 38 X OMREW 2 A4 AFEE2 A& L7,

REBAE

TMR % O E#E X, T &8 M/Ta (5)/CFBT (20)/Ta (0.3)/CoFeB (3)/MgO (1.8)/CoFeB(2.5)/CFBT
(0.6)/CoFe (0.5)/Ru (0.8)/CoFe (3)/IrMn (8)/Ru (8) (FEIL nm) O i’ DAL L7 ThD. CFBT X
CousoFeqBag & Ta DRIFFA N ZIZ XV AEL, TafEEIX 9 at. % THDH. AL/ NVIVTRL-ERIF T2
T=—VT 5 ET, EEEE S AREORSHNER LIRS ZEH L. B-RrBLOT L
Ty VOREW ) A RAREEE, FFT 7774 iz L v JlE L7z,

KRR

11Z TMR-BEFEFIE S 9. 2 EH O T =— /LR (Do) #8200°C 107 2000
DEE, y HIDEBBORKRAE L, x FAOE L A0 EZBIR e
ICED, BEALERAT Y L AORVEF R TMR #@ B O, #iK g Plur =l
LU E LTHE LWEMETH D, dTMRIAH (= dRIAH 1/Rmin) CEFH S «
D REFEITIRAR 70 %/mT Th . —J7, Toma =250 35 L1280 °C D [ T
&, TMR l#ITE 27 U 2 %R, AL, x FIEICbHRS N -
HHJEORSKE G MEIZ XY, Stoner-Wohlfarth €7 /L TR T 5.

T
——7T,=350°C

%)

(
-
o
o

TMR rati
S

05T
Tyna = 200-280 °C

5 4 3 2 1 0 1 2 3 4 5
20X 50 um RO H—FK 1D, FRIBMLIREE (X 1 T uoH =+1 mT) HoH (mT)

IZHBITF D /A RARY T A THD. 1 Hz-10kHz O LS iz 1y M1ITMREHROT = — WRERIFE
) A XREERMTHY, ZOBIEBES)T A T ABET )G 100
LCHERTD. £/, h=60mVICBWCT U FLATVLITT7 /A X
DBl STz, 10 Hz 12815 Ve THURIL LT2 /A X LL(([S, /) 107
X, TREIBAEIREE T 1.3 nV/VHz/mV, B X OPATBMEIRRE T 0.7
nVAHz/mV TH Y, NiFe Z V72354 D 3.3nVAHz/mV CEATREALIR
HB) |[ZH~NEL, TEAT 7 A CEBT OENMENRENT. £77,
/MR HIBR (detectivity) (£, 10 Hz (2T 22 nTAVHZ TH - 7-.

Intermediate state (1 mT) |V, (mV)
20
—— 40
—— 60 |3

o — 80
N 100
N ll“'HHm"‘m ‘ E

iy, ‘ ,.
"\lh“ " N

$E 3Rk [1] Fujiwara et al. J. Appl. Phys. 111, 07C710 (2012), Jpn. J. Appl. Phys. 1 10 100 1000 10000

. f(Hz)
52, 04CMO07 (2013). [2] Kato et al. Appl. Phys. Express 6, 103004 (2013). [3] Jimbo . N
(0192 PPL S AP (G013l R 2 B TMR # 70 / A Xt
etal. J. Appl. Phys. 117, 17A313 (2015).

VS, (V/VHz)
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[CoPd/Pd]/[Co/PdINA TV v RAEVEDET >R b+ STT Bk ER
HEEER, EERIE, KREIHE, FEEZEP mffsss, Smk
HdTERKS, Y LA HARFSERT)
Thermally assisted STT switching of hybrid memory layer using CoPd/Pd and Co/Pd multilayers
W. Zhao, T. Kato, D. Oshima, Y. Sonobe*, S. Takahashi*, S. Iwata
(Nagoya Univ., *Samsung R&D Institute Japan)

1. IZC®IZ

AV NT AT 7 — kv (STT) Wbl i L Goit iR 7 > X L7 7 A AEY (MRAM) DEXGA
HFEE L THIASRTWSA, 10 Gbit kO KAERED MRAM % EHT 5121%, @MW TEMEQA) & RO IR ER
BEJ)DOMNENRD BTN D, Frexl3EF =V —1E (To) @ CoPd/Pd ZEIK (ML) & & Tc ® Co/Pd ML %
AWTNA T Yy RAEY ZFRFL, A7 V2 ML 2EAENA STT BULEERER T2 L2 RAEL-
[1-3], AlEl, A B ARMERICE Y RALIERD S v B3N 5 & Tc B DR % 2L S 72 [Co(x) / Pd(1.6-x)]; /
[CoPd /Pd], (x=10.4,0.6,0.8)~1 7' U v KAE VU EE AW, STT BULKEEDA L J DIRJERFEEZ 7, SHIC
NAT Uy KAV JEOEDERETVEEE (Ko DIRERIFIER & & STT BHbXKiE & OBRE R Lz,
2. FEBRGIE

BRI Si B i~ 27 % b v AR HZIEIZ L Y, Si Sub/ Ta(10) / CuzoTasze(150) / Pt(5) / [Pt(1.0) / Co(0.6)]s
ML/ Cu(2.5) / [Co(x) / Pd(1.6-x)] ML / [Co4sPds>(0.4) / Pd(1.2)]a ML / Cu(5) / Ta(5) (JBJEDHALIL nm) &9 GMR #
WEER LT, B#t, EBBEXLPAr A A=y F 7280, GMR EEZ SN T L, BEEMOER 120 nm
735 300 nm £ T CPP-GMR #& 2B L 7=, STT Wb #51% CPP-GMR BB 12 E i/ L R (2L g =10 ps -
100 ms) & FIN L 7= % OEGUEZJE T2 Z & THIR Liz, 7SV AMEERFEMEZ 7= 1 ns £ CHMT L, BRAERERE
B Jo, BROAZRBIES o7z, MBI T —DIZEWTIET 5 2 & T, Jo, ADIRERFMEZTI~TZ, 7z,
NAT Y RAEYEOHD Si Sub/ Ta(5) / [Co(x) / PA(1.6-x)]1 ML / [CossPds»(0.4) / Pd(1.2)]» ML/ Ta(2) % {ESLL,
T BERERIITVE Ko 220 L 72,

3. FBRRR

Fig. 1 1Zx=04, 0.6, 0.8 DA 7V v RAEVED Joo, ADIRERFNEZ R L TVD, Joo EAITE BITIRE E
VWAL, BT A N STT Wb IR R S D, x=04, 0.6 1K L, x=0.8 TiX Jo B REL WAL T
Wo, —J, x =08 ODAIFMOFREHI L, K& WD LT, Fig 2130 A 7V v RAE Y O Ky DIRFERR
FEHEER LTS, x OHEINC X D BILBABERT D720, K & AORFERGFEMEOZERIT STT BYLK GO SEkE D
RESOEIGERTHEEZOLND, x = 0.8 DAVBLOFEHIX LK E <D L TW DIzt L, JoldRkE <
WO LTnd, ZORKNELT, x=08 (Xx=04, 062X L, X ELVITEEN/ NI W=D EEZLND [4] .
INOORERNS, IR S T, @ TeMEE WD Z LD, BIRTO JoRRICHFLG LB xbn b,
F7o, ®IRTIE, & Tc @ CoPd/Pd ZEIEDHALAWHET 52 & T, ARBA L, JoDMETTHENIET X b
HRDPBHI STV D,

4.2 5 3Lk
607 [1] Machida et al., IEEE Trans. Magn., 53, 2002205 (2017).
T x=04 [2] W. Zhao et al., IEEE Trans. Magn., 54, 3450405 (2018).
2 97 -0 [3] W. Zhao et al., J. Magn. Magn. Mater., 493, 165749 (2020).
2 % [4] T. Kimura et al., Jpn. J. Appl. Phys., 57, 09TDO1 (2018).
= N:’Ug‘hﬂ*"
150 i i 1 J 59
< 41 x=04
1004 < ]
< §3X§R::1u>h§
504 3 2]
. x 1 x=0.8
0 5'0 1('JO 1%0 260 0 -

Temperature T (°C) 0 50 100 150 200
Temperature T (°C)
Fig. 1 Temperature dependence of intrinsic critical current

density Jco and thermal stability factor A of the hybrid Fig. 2 Temperature dependence of effective
memory layer of [Co(x)/Pd(1.6-x)]1 / [CoPd/Pd]> anisotropy Kefr of [Co(x)/Pd(1.6-x)]1 / [CoPd/Pd]a.
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DO0s-FeAlSi — v° % & > v )L EM 4 AV 7= MTJ &+ DO {Eil

TRAFES . JORBE, MAIEE. KRR
(RAERFER BT TEF5ER)
Fabrication of MTJs using FeAlSi epitaxial electrode with low magnetic anisotorpy
S. Akamatsu, M. Oogane, M. Tsunoda, Y. Ando
(Graduate School of Engineering, Tohoku University)

[FLC®HIC

BB b RS (MTY) BV ORER EO-DI, & b xS (TMR) b R %
W2 7 U —J@ Rk H TV, ABFZE Tl DOs AR E 24 U, BAF 2SR % - FegsAls,
Sigs (B Z A K, LUF FeAlSi) IZFH Lz, BRI-#HBERFFEICIN X T, Fe BMICIELI L/ a s 24
THZET, MO itixfE 2/ L7 AAFE D=k — V/hkxzjxﬁc;émTMRw#mﬁéhém Vin
ITHFZEIC X 0 [2]. MgO F:# T DOs-FeAlSi = &% & o ¥ /L O/ERLC g th L. BAF 2R sRa & & 8L
LTWb, AWFZEOBRIX, FeAlSIi =t % o v VEME AW MTIE T E2/ER L, £ TMR Fpit % 51
THZETHD,

KB E

MgOsub./MgO(20)/FeAlSi(30)/MgO(2.0)/CoFe(5)/IrMn(10)/Ta(5)/Ru(10)(in nm)(Treasi=400°C, T,=300-425°C w/1
EED MT) 2@l s~ 7R ba v ARy ZIETER LTz, Fo (UL ZBELZ 7+ NV Y 7T 7 408
FOAr A A4 30 7% ANT MTI R RN T U7z, fFR L7 MTISEFI2 oW T, B 4 86115
(2 K R SHRHURR I 2 A AT L 72,

SEERFER
Fig. 1 (2 DOs-FeAISi = &% & v /L EMmE H\ - MT) % 70 300°C
F D RERIHT R O BULEE R ENME 253, 300°CLL L 60 |- —— s

350°C
375°C
—400°C
—425°C

EALERIZ L > T, DO0s-FeAlSi #EM & L7z MTI E kW
T, W1 T TMR ZEROBINITAE LT, AR TMR i
BMLERE 7S 325°CIZB VT, 584% Tdh 72, & 512, DOs
-FeAlISi O RAT 7o kRS URFIE 22 SOk U 72 ELBSERY /N & 72 SR
WG bR CE 7o, — ), 30CEBA HANIIC LT, T
MR LD K Z 220 Bl S iz, 4%, FeAlSi BiifE, &
KO THIE ORISR O S 672 2 Fdf{b 24TV, BVLEER . /| |
Mttt 2 %ET 52 8L > T, TMR kD & 57250 BN 500 400 300 200 100 0 100 200 300 400 500

TMR ratio (%)
8 g8 & 32

—_
<
T

W sns, LLEORER L D DOs-FeAISi iZ, MT) >0 H (O¢)
JREN EICEERMEL B 2 65, Fig.1 Magnetoresistance curve in epitaxial MTJ

with FeAlSi electrode
HEE
AWFFENLIST-S A / X7 ey =7 b, BALRFHRIRAE S ba =27 ZWZEREE 2 —, BLV, A~
ko= ZAEHGEEI S E X — DO REEZ T T Thhuz,

BEXH
[1] W. H. Butler et al., Phys. Rev. B, 63, 054416 (2001).

[2] S. Akamatsu et al., AIP Advances, 10, 015302 (2020).
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