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Computer Simulation of Bias-free SOT-MRAM with DMI
J. Watanabe, and Y. Nakatani
(Univ.of Electro-Comm.)
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JEAE, AFEFEMEA £ Y O —FE & LT Spin-orbit torque MRAM(BA T SOT-MRAM) %3152
TNTW3S, SOT-MRAM (& Spin-transfer torque MRAM(BA F STT-MRAM) TRIER X H
TWEMAMOMEZ, FABRSEREINLXIZLAEZLICE > TR LEZAEVHEATH
%, UL, ZORMEEDMIY 22X D7 VA MIRZMA S BERH S, LA L, DMID
T YA MR TIESOVARIZ L > THREDOHFENLT 2 L OMENH 5, & I TAISE
TIEHAEYEHBABO —HICMAS Z 8 ICLWEEEZREL, YIalb—Yavitks
TREFIEOFMEEZRAEL 72,

\ No current area [/
No DMI

EAED 40 nm, [BJEAH 2.0 nm OFREEEFRELE L, YIab—varoRT Fig. 1 Bias-free SOT-MRAM
N %M TIE 1.0 nm TEERUE U 72, MREEBIL. SRIBE M, = 1000 emu/cm’, A
F4 YT RAEHA = 1.5 yerg/cm, DMI 8 D = 1.0 erg/ecm?. HEEH o = 0.1,
y=17.6Mrad/s - Oe, AE>x—LfO=03. BREE03~60TA/m> L L, AL V%
HZ % {1 100%~50% % TE{LE 7=,
DMI fli %# ZFDOHTAY Y HE B HIL T 1.0 erg/em? & LTZEN
DA DFFIRTIX 0.0 erg/cm? & U7z, DMI DA I & - TEZE M5

6.0

BOAT. A)DZALT B8, ACYENMZ BRI 22 AN 602 L ¢
LRERESGVEREE Ky 2 RKD Tz, HWT, BUERHEZ 3.0 ns IZ[EE L s 25
7= BTV ANEE 0.05~1.0 ns £ TEAL S B 72RO %2 < 2 2
1703274y 7y Ialb—ya ili-oTHELE, 53.0 15
3 BRBLUEE ‘
0.5

AV VEMASREE 100% & 75% 2 U, fEm% 3.0 ns < EE o ,

01 02 03 04 05 06 07 08 09 1.0

2 YIal—vav@iE

U, 7OV RIE%E 0.05~1.0 ns & TEALE B 72K 0 ik % Fig. (1)
2,3 1ZRT (e - R, M OV AR, T ORE, AR EEIL X
HRRR ), H RIS SR R, SRR g 2 £ LT\, Fig. Fig. 2 The range of spin : 100 %

2,3 MO A ENZ BHPAA 100% DEEIE OV ANEIZ & Y KEED
HENPZEAT B0 L. 75% DBAITIF VAR —EU EThh
WEHWIIRETAZ W05, ZOFRRAEFANLLDIZ, SV AEE
0.5ns IZ[HE L. Bz - 2 EBOMLEE %257 (Fig. 4). Fig.
46, A YEINZZHEFED 100% OROBALEYIX 0.57 rad & 7
BN 5% DRHIRALTED 0.5nrad A EE 725, ZOZ s, A
YV a2 NA B HEFDY 100% OREZET O RS AR T W5
EEZSNDD, T5% DRHGEFRYIWEEOBREERGE A +y Sk

01 02 03 04 05 06 07 08 09 1.0

570, SVARCES TIHRIIKET 2 2EX 605, tp (ns)
BABEREE BT B A & U Cld, MEBFHRIBE (DMI 2% 0.0 erg/cm?)
EHID I TTOHPHTOHLARPBALE Y DHEIZEEEEDT Fig. 3 The range of spin : 75 %
1378 K KERT 2 £ D127 D, REREDS +y AR I s noThD L ! —
% %. 6 *]/ é o Iggz: L
o8 17—
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Fig. 4 The effect of range of spin (time : 0.5ns)
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CRORERL RS Jeste T5550)

Mechanism of magnetization reversal and structural design of nanomagnet using

extended Landau Free Energy Model

Sotaro Kunii, Ken Masuzawa, Alexandre Lira Fogiatto, Chiharu Mitsumata and Masato Kotsugi*
(Tokyo University of Science)
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JEoER Landau H A= R L X —FT /L DKE

M4 B, Alexandre Lira Foggiatto, —f{% T, /IMilE A
CRELRSEET)
Design of the extended Landau free energy model for causal analysis of magnetization reversal phenomenon
Ken Masuzawa , Alexandre Lira Fogiatto, Chiharu Mitsumata, Masato Kotsugi
(Tokyo Univ. of Science)

(i Lo

SKEABHEOZH S L 2 E R, B — DT R — BN R E T DRI A T = X L O P
75‘*&’) HENTWD, REEDCRALIBREZ M T 272D 0 E LTE L KA SN TE 7 Ginzburg-Landau
BHER CIE, PRBEIIRAE RIS B 7 = R VX —[ERED |/ S I K o TIRESIT B, = R/LX —HE O
DRBENZHIL LTS, ZO—4 T, [REG CIEEIGEEEICE SN — R A5G hiie & 5729
PR 2 B o BLIER 2R BEMERT B O R ) DTN NEE T > 7=, & Z TARIFIETIX, WMXEEDO R —M%
B0 N2 S B ERB S 23 T fE 7, TR Landau A= RLX—EF /0| O R L O
1T-7,

ERAE

FERIT, He DIRIE A FEO B SL Bi BT — 3 v b (YIG) & R8T, Kerr BAMEE 2 O CREX AR IE 0O
ERESHRANED T — 2 WG Uiz, &% OBXKAEGEE G D, R RLFX—B LR L X —0 2 &
HEEHL, Atz X —L Lz, £/~ 27 b r U— (PH) fifthT & FRk 08T (PCA) & A
THEREMEGEZ L E KT OME TRl L2Y, 2z =30 X —0ftih 7 & LT R0 X — M 2 fi 4
5HZ LT, WK LR RSER & B 2L X — D5 S ER 2 T L2, S ICRE LB A
BLfENT 21TV, =X —[EEEZ BT 5 & &b, BULKBICH G T HA0E & WiffhT L7,

RBRR

Fig. 113, EME VIC OBXHET — 2 2 6o aTx e zzl:ﬂlmﬂz”\ "

NF—HIECTH D, PCL & PC2 IXA T x#é%ﬁf%@& 60 |
A E DA DR 2 2 LT\ D, T — 2 07RI3f,
%, PR DAL BRI RV 7 > s Sh, (RS
IXFIC PCL OBIS L L TRBLI NIz, FIofiiiT 1L X —Hif
B RO T 1L X — HUE & R Oy L CREMIARAT L 72
FES, 72— r L X —[EREAZ Y i 2 5 2 & TR E—
ROBNBEZ > TNWDZ LB GhoTz, EHITKET RILF—
HIIMAIZER L TEB Y, A5 O/ 5 DEN P EX O EE ‘
— ROEVEEATND Z LR BRE BT, ZRIEMET, | S 2 ﬂi%f*
TRV X —[ERERR IS I D RN OFE RS, XK ET— Gl \I'Ze,'l«
BadE S s KO A L CX 72, ATEIE, BRN S -

TR WAL SRR R & P 7o e XA S 2 b D R R BR & B = PC1*

VX —DOBLETRENTATRE/R T2, RIS 70 & D2 725 UF7% Figl. Extended Landau Free Energy mo
DFBLA T = X LOHRICHRTE 2 EHIFF SN D,
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1) K. Masuzawa et al, T. Magn. Soc. Jpn.,6, (2022), 1
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Interpretation of Coercivity and Energy Mechanism based on the

Extended Energy Landscape Model

A. L. Foggiatto®, S. Kunii*, C. Mitsumata*® and M. Kotsugi*
ADept. of Mater. Sci. and Tech., Tokyo Univ. of Science, "NIMS

Coercivity is expressed as a complex correlation between magnetization and microstructure;

moreover it is an important property for describing material functions. In real materials,

metallography highly influences the magnetic properties owing to the various processes as defect

pinning of domains walls."” To improve the electrical devices, the coercivity mechanism must be

clarified. However, owing to multiple intrinsic origins,
coercivity cannot be easily described in the framework
of conventional Ginzburg-Landau (GL) theory.’

In this work, we used machine learning, principal
component analysis (PCA), to draw a realistic energy
landscape of magnetization reversal process for
permalloy considering various density of defects. Fig. 1
displays the energy landscape as a function of the first
and second principal component (PC1 and PC2). The
landscape map enabled visualization of the energy and
coercivity as a function of feature space components.
We observed that PC1 has a linear corelation with the
magnetization, while the PC2 has a polynomial
correlation with the energy. As a result from energy
mainly

landscape analysis, magneto-static energy

influences the demagnetization reversal process.

Therefore, we consider the prediction of magneto-static
energy as described in Fig.2 The training was based in

the extended landscape model. We could predict the

energy with R*~0.80. This result shows that the extended energy model can be use to clarify the
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Fig. 1. Energy landscape for the magnetization
in-plane, x-axis considering various defects
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Fig. 2. Demagnetization energy prediction
using the energy landscape parameters as the
input.

coercivity mechanism and to predict the system energy based on the feature space components.
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Vox Kpth, BFHMA, IA X =a 7L o3 o2 —, PR, ERJIILE
(& EAKT)

High-pressure synthesis and magnetic properties of Cr-Ge Chimney-Ladder phase
T. Sasaki, K. Noda, N. A. Gaida, K. Niwa, M. Hasegawa
(Nagoya Univ.)

[ZC&HIZ

4~9 [EA IR M & 13~15 IEI0HE X D25 72 2 BB UL A& MuX: (1.25 <x/m <2) |ZiZ Chimney-Ladder (CL)
W & PN DA 2 O MERENFAE T S, ZOREIE M EFO/ES IEMAFRREZS (Chimney) O
& X R OVED B - DNEERS Bk (Ladder) (2 o> T X5 27 7Ads A & 5. Cr-Ge 56 CLALGHIE L
TIX, #JE F T CriGeo(CrGei727), £ F Tl 4-5.5 GPa T CrsGer(CrGer75)", 15GPa T CrGei 772 D& iRk
MEINTEY, GAES EMAUE xm OMICIEOMBEN S 5 RIS, Fo, HHEFM CruGewlXF =V
—IREED 85K OIEEMBEMR TH 2 L MEINTWDH MY, RIEMEOFEMABMEIT®RE STy, 22
TARMIETIX, KREER~ LT T ENREERALERE 2 O TMHERHmIC 45 72 & D Cr-Ge % CL IBES)R
MbEmEAmR L, D OBMEE A L.
ERAE

A AEHEZ Ar RHR 7 7m— 7R v 7 AN THEE LORE 72 Vv ~OFREZITW, mEERELVZ
VERL U 7=, JEJI3A 5B 121 DIA BB L OV HBI~ L F7 v B EERA B A ER L. TEDTENET
I L7=%, 60 73FIMEA L7z, NG T2, Sn - BIE L, VB2 FEFIRICEI Lz, [BIGURHE X #RlE]
PrillE B L WAL E I TRHMl 24T - 72.
EERER

Fig.1 {Z, 14GPa, 1000 °COEREED XRD /¥ — 2 ZRT. ZD/RH
— % CLALAY) CraGer & L CHIZEM#EEZ V2 Le Bail fffT 217572 &
Z A, RAEkEE xim (=culex) 12 1.772 Th o7z, [FERIZ2, 5, 7, 10GPa ®
JESTARL LT D XRD /8% — 1% Fig.1 L HA_TEEMNIZ Y 7 b LT
BT E— 27 BSHBLL, L xm 1XZ 2 1,737, 1.747, 1.755, 1.763
Tholz. LEBn->T, BRENC X > THRRE vm 38725 CL LAWY . , - -
CraGes BVER L, B H OB~ T Ge \ZH AT CLALBIR AR E o 2295 (deaoree, 11 ke‘{‘})
D ZENbhole. BEGKLIZATORENT 2 K TORMEIIFRIZHB Fig.1 XRD pattern of a sample
TERAT U T R%ERLE. Fig2 IR L2 X 512, 14GPa, 1000 °CIZ TH K synthesized at 14 GPa.
M7= CrGersn ORALORERIFIECIIMBMEEB R R 5N, $=2 ) —ik S

e CLit&t

Intensity (arb. units)
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3,1
T

JEIEL T.= 332K TH-72(H=10kOe). [FIEEIC CrGei737, CrGeins, CrGeisss, O ok
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Synthesis of Fe?*Ti** substituted BaioFezsTiisOss
H. Onuma, K. Kakizaki, K. Kamishima
(Saitama Univ.)

%lé

- ¥ :Ba,,Ti;sFe,iOg A :BaM
#E 0 :¢-BTO O :Ba,Fe,Ti,0,

BIE, BaFeTi Rk > L, BELFEENSF 2T
BaiFessTitsOss HE STV D, VEATHIZETIXZ oMEF D 2 2D —
Fe¥* % Me?*(=Zn%, Mg?, Ni%*, Cu?, Co?") &, Ti* CEHRT 5D Z & ITkh § &L
Uiz, OREBRTIIARZHEFOMEN Me2=Fe2 L +5 = L T, Hflfl S {w . x=20
L T B N Il s e
DI WETE B, i I S
RBS % £ =0
AREHI R IGAIRIC TERL U7, H5AZ Y Ba: Ti: Fe¥*=12: 15+x : LALSAS 164 1Y X
28-2x /A X9l BaCQOg3, TiO,, a-Fe,03 PHEL, EER—LINLE 20 30 40 50 60 70
AT 1100 rpm T 10 A T 72, D%, Fo-ikk & 20 (deg.) Cu-Ka
1000°C “C 10 FER{BER L. = OILBERCINIC B AIMARL & 722 X 5 12 FesOs 1 BasFe* 2 TissnFe?Oss
EFFRE, A LT, ZORAHEAE 10 mm, 3 mm o f e S (T: = 1200°C)> X R

I I I [ T

\Z;;E§¥;fzo

T=362 K x=1.0

Too 75, X0 DREDHRE D THERL Lz, B 7= s i s
TR X BRIEHTEE(XRDIC CREAT L. B SR PRI IR B BRI RE ) B
(VSM). SQUID RéHEHT TR/,

ERER

LIZ R 72 DALIA T B x TR L 72300 X #RIEIHTE % 7797, =0, 1.0,
2.0 T BawFe** 5o TitsnFe? Ogs 23 HAH T H AL, EHLIIEE) L72, x=3.0 T —
TIETFZ VBNV U AEZEHETIREAE DN, Zh b ORERIX 0 200 400 600
Me?*=Zn?*, Ni#* ClE#i L 72 JEATHISE & Rk D Bm Th 5, 2 Temperature (K)

212 x=0, 1.0, 2.0 B OB AR 2/~ x OBINTLE, 2 BaysFe* s TitsnFe?One
o —iRE TeME T L7e, ZHIEMKE—A L FEHH 2 5D Fe¥ DEE S
DB 1 OEEFIED T CTEEHZ -2 & T, RPN B A HFE A 30

[
TERMRBESTeTed e EZ BLD, a0 L Eix= =
x=1.0
10 & :x=20 ~
0

T.~412 K x=0

Magnetization (arb.units)

o1

oo | = = = —
o — O

312 x=0, 1.0, 2.0 fLE% B D 1.8 K IZF 1T D RAb#R 2 7~ 3, H=70
kOe TOEALIE x=0 D EEHEEL L 0 & BEHLL D x=1.0, 2.0 ikt S5
MREL o1 5 us DHERTE— AV Mo b DFe¥ A A % 4 ug D Fe?*

Magnetization (emu/g)

L IR TIO TR 2 #2742 b b b PEROBHEAHM L2 S L i‘.k_

LG FREACLHA M Ti%, E71E Fe o A0 BB A S

T RIREME R S D, 201 | EX) lc e |

B Lk 3970 35 0 35 70
_ Magnetic field (kOe)

1) L.P. Curecheriu et al. : J. Phys. D: Appl. Phys., 41 435002 (2011). 3 BagsFe® s TitssFe?"Oss

2) N.Yasuda, etal. : J. Magn. Soc. Jpn. 44, 70 (2020). PRHL i
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Ca-Ba 2N WAL =5 A | 091’?%7&@@?

g BEsw, MR 3 —, #hE
(B ER)
Searching for conditions to synthesize Ca-Ba W-type hexagonal ferrites
Y. Matsui, K. Kakizaki, K. Kamishima
(Saitama Univ.)

%l:

"ﬁ‘i#
=

WHURH 7 =74 M, /£ AMesFe1s027 (A = Ba?, Sr¥*, Me

:Mg“,ZnZ*,etc.)“Ci'%ézh,4’ZL/@_J:0“C MBI~ =5 4k Ba:Ca:Zn:Fe=04:06:1:14-z

DIALIEDR W2, HEH SN TWDD 22T, ARIF5ECIEHmE ¢ W-ype © M-type V. Spinel
FlOH 72\ Ca-Ba e WL = 5 A ROl 77-. Ba % Ca T @ Hometlte M Cafe Oy M_Coles
*t S
BT 5 2 LT, BE~OBHEOER LK 2 MEAHIFFTE 5. s ondoholiNeete e e o ralies & Soond
*
£3 Y s ehhieinee o Site &2 ms
JFUEH3 (BaCOs, CaCOs, ZnO, a-Fe03)% Ba: Ca: ZN i Fe = 1X X! B |0 o $3 Mecetwe o o 0'es o cooe
. 7 = Iz =R e R — L3I E XN 250°C,z=3
2: 16(0<x<08)k£%:i9 FEL, ﬂ%\%{iiﬁf L3 5 ., . 2 Woo'% g,'%
T 24 WFfRHRG Lz, HOR, 7« X 7 IRICHIFEROE L, 900°C T 5 £ =
RSB L7, 2 0ofh, R AR—L A D CREEBIL, < | mwb‘"m 2 $He 5 S
HOT ¢ 27 JRICHERETE L T, 1200~1300°C T 5 B ABER L 7= 23 s o b loRieeiden oo o alfles °;":..1
A R X MRETIE TRRAT L, RESURHIEIIRBRE R 2 T 0<L200°C,:;>3
— [0 Ce owgﬁgoﬁm%ﬁ%&
JIFHVSM) & B RS & 7T (SQUID) AR EF 2 IV CTHIE L 72, ol L
!f‘d: % * e +9 o sren 0w 3 sese
BREER .3 _,
= o se ¢ ’oou‘ooou:lc
1200°C OFERLTIEx = 0 ~ 0.1 T, 1250°C Tl x = 0 ~ 0.2 T, | | | ;

1300°C TiE x=0~0.3 TWRIOHNE LN, LvL, BlIERD & 20 30 40 50 60 70
LTAE RN, ML a-Fe,0s MAERL L7, F72, AE@RT =T A b 20 (deg.) Cu-Ka
R EQ*/V@%%Eii@U&K{Ei))E, ARk W BIFHICER T & Ca 1 ﬁ—:‘;@ L7=3tBho X %ﬁ@ﬁ
DAEZNAANCERE LD TIE ARV EHEE LT,
FIT,Zn AR VT 0y 7 & 12045 U=/ Ba: Ca: Zn: Fe
=1x:x:1:14(01<x<0.8) &L, B2 /ER L~ ZORE,
1200°C D HERL TiE x = 0.1 ~ 0.5, 1250, 1300°C TlE x=0.1~0.6 TR B Cas 7 Fo e 0406+ 1+ 14
R VFE D LR 2 B T & 7228, a-Fe,Os AR & L TR L 7=, | \ | I [1koe
PLEofERZRE 2, WO B Z5 572912, x = 0.6 Ok
H¥ER & L TCFRe 2 U7-fHpkBa: Ca: Zn:Fe=04:0.6:1:14-z(1
<z<I)DEER AT T, KL, FRL7230B o X BRI CTh 5.
1200, 1250°C THERL L 7= 2= 2 D#kkl &, 1300°C THERL L7 z2=1 D
BT a-Fe,03 DERFEIZALTI L, 1300°C THEk L7z z = 1 Ok T
I W RIEAE NS S 472, X2 13 1300°C TRERY L 72 3k o B & h
MTHD., TNTORE THKAICHMETH Y, ZnW BDx =Y
—IREEDY 37045°C 2 ThHEOWELIEEE 2 H &, T OMBENEM

Magnetization (a.u.)

0 100 200 300 400 500

X ZnW RCH B & EZ26N05. Temparature (°C)
S R 2 1300°C BERKaAED BB

1) A. Collomb, J. P. Mignot; J. Magn. Magn. Mater., 69, 330 (1987).
2) G.Albance etal.; J. Appl. Phys., 11, 81 (1976).
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EuSnaPy D A RSty T 45 6 R TE Filk 5
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Maossbauer spectroscopy measurements of EuSn,P»
Takamasa Shimura, Liu Shi Gou, Masanori Matoba, Yoichi Kamihara, Shinji Kitao, and Makoto Seto
(*APPI, Keio Univ., **CSRN, Keio Univ., *** KURNS, Kyoto Univ.)

1

A EEERICERT D Z LN TE HEELEWAEIO BixTes IXREIT < TEVWERERE@) EZ R~ Z &
D OGNS TND D, BuSmaP2 OFEFHIFR TR TH Y, BIkEEL & 548, 2B R3m ThH D,
van der Waals(vdw)f&i & 2 3 2 mEB L OHNLE 7% &2 AT 5T, BiTes Ofiin & il T 2 FE A ~T. F
72, F£72, X.Gui HITXD & BEuSmP I -EETH Y, 7 Bl L Bk L CE 2D &, ZHEIINHE
P FRNART- N REMEBER TH 5 LA SN TWA D, AW TIE, LY BFIZUTV EuSnoPr it 4
Méssbauer 73 WHIET 5 Z & T, EuSmP: DE A EEZH D 2B ETH.

A&

F9, HBAE 2mgFEL 10mme DLy MRICEA L7z, 2 L THELNZFEHTR LT, B'Sm #JR
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Fig. 1 'Eu Mossbauer spectra of a sample of EuSnzPx. The dots of

cross mean observed data.
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Investigation of polycrystalline synthesis and thermoelectric transport
properties of SnPn layered compound EuSn;P,

Zihao LIU*, Takamasa SHIMURA*, Masanori MATOBA*,** Yoichi KAMIHARA* **

*Dep. Applied Physics and Physico-Informatics, Faculty of
Science and Technology, Keio university, Japan
**Center for Spintronics Research Network (CSRN), Keio University, Japan

1. Background * Purpose

The development of Bi>Te; based materials by Goldsmid and Douglas has been focused on the study of
thermoelectric conversion for more than 60 years. New crystal structures have been proposed.The structure of
EuSn,Pn; is common to the crystal of Bi;Tes in the presence of the layered structure, the point where the space
group is Rsm .the point with the VDW coupling, and the isolated electron pair. In this layered compound, the
thermal conductivity reduction due to the isolated electron pair is noticed.
2. Method

Made blocks of Eu by using metal file. P powder and Sn powder obtained by grinding were mixed and
milled. These operations were operated in Glove box. The obtained carbon crucible was vacuum sealed in a
quartz glass tube and heat treated. After the heat treatment.The electrical resistance R was measured from
Ohm 's law. The effect of the contact resistance was removed by four-probe technique.
3. Results

Hexagonal EuSnzP2 4-5 g was synthesized. Lattice constant a = 0.4097 nm, ¢ = 2.6157 nm. The main phase
of the obtained sample was EuSn;P», and Sn and EuSnP were found to be diffraction (Fig.1).Although the
values of the lattice constants of EuSnoP2 obtained from each sample show a close value, the difference is
0.001 nm and the difference is 0.001 nm. The statistical error is found to be considerably smaller than +
0.0001 nm, but it is found that the error is large at + 0.001 nm.This graph (Fig.2) shows that the deviation of
the lattice constant values is larger than the standard deviation.It is found that EuSn,P> is an unstoichiometric
compound whose lattice defects tend to occur and are not constant in chemical composition. Therefore, the

electrical properties of EuSn,P> may change.
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Fig.1 XRD pattern of EuSn,P;
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