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A. BAZE=E4 / Research Laboratory

WM RE RER FHITZE
Materials Functlonallty Design

B. #8A& / Faculty and Research Staff (as of May 1, 2019)
%M T ECE IR S LT F SV, BRI RIS b o 3 AT, FEREIMI 2 FER LT F &L,

#4% | Professor

K4 HHH IEXX
Name Masafumi Shirai
nE4 Yt RERR B HFIE 0 By

Research Field | Materials Functionality Design

2 | Associate Professor

K# BT FnZn
Name Kazutaka Abe (April 2017 -)
2EHA WFIE 57 B

Research Field Materials Science under Extreme Conditions

Bh# / Assistant Professor

=¥ B /Yoshio Miura (- August 2013)
BRI¥EE FnZ N | Kazutaka Abe (- March 2017)

K& /Name )1l HE / Masahito Tsuijkawa  (April 2014 -)
BrE O 0 [ Hikari Shinya  (April 2019 -)
b / Others

JEXEA 14 (- March 2014)
FIFHFSEE: 1 4 (May 2018 -)

C. 12 B # / Research Purpose

ARFIEE TIX, WHARTEHRT A 2B 5 B FHEBESGOEGRMNT, T /31 AEFEDH
D7D OFBEREMEL O BREREREE, KEBUEGR & M8 & BREE L 7k - BRERk G Tk
DFAFEAZ B L TV D, FlilE, @A B ARMREE 2 W TZKERHTT S X, AEIE M
v AEVIZEBT AKEGEOBERGE, &E T CEBBEELZ RTKEBLCLEDOCRE
IR A Y T TH2EZ T > T 5.

Our research group aims at theoretical analyses of quantum phenomena in advanced information
devices, computational design of new functional materials for improvement of device performances,
and development of material/functionality design methods based on large-scale computation and
machine learning. Our current research focuses on magneto-resistive devices using highly spin-
polarized materials, voltage control of magnetic anisotropy in non-volatile spin memories, and
metallic hydrides which show high-temperature superconductivity under high pressure.

D. ¥ WHZET—< / Research Topics

LB FEE R R I S T LW R B RS EEM B O BRRRR
L AE Y hr=g R - TS, AR D ERAERE O B ART
CMEE e TN ABEREAR LTIV R 2 L— 3 U TRIEORR
K, KEILEYDOEE L BIRE

— R EERIE R R TR OB %

. Design of new spintronic materials based on first-principles calculation and machine learning
. Theoretical analysis of transport properties in spintronic devices

. Development of simulation scheme for material/device functionality design

. Metallization and superconductivity of hydrogen and hydrides

. Development of first-principles structural search methods
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E. 2R XZEDHHE / The Number of Research Papers

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | Total

Refereed journal papers

(2) FREF L & RS D
Full papers in refereed conference
proceedings equivalent to journal papers

Sz g Y A 2
Presentations in refereed conferences
e RS RE o S A

Presentations in conferences

(5) #ewi - MERR

Review articles

(6) EFifTENE

Presentations in refereed domestic conferences 13 8 8 12 14 5 60

(7) &E#i7e LIENIFES « RS
Presentations in domestic conferences

=k
©) B%Z:ks 0 0 0 0 0 0 0
®) ﬁiﬁts 0 0 0 9 1 0 3
(10) #RfFrlTE

Invited Talks 4 4 5 3 6 5 27




F 535 EITREHMEME / Significant Research Achievements (FY.2013-2018)

See Ref. 1. “#” mark indicates research carried out at a former organization.
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(2-3 T D) ITOWT, BEERZFIH LT, ZORME AITERR ELMHRISHENT L. TXOR, b LAFFSCLHEL
TR
FH)IL 300 FHRE. FRSCRED K/ Abstract 0 = B —w[. 2ENE TOEBENA X0 Mg b AR E 100 FHRE CRUHLL
VLS YEZIR ISR R - L 72 b DICRZ2 O TIiEZR <, FIZIFREICHEL L O T ZOMBNICEESGE N Y, FFif
SNBEIER-57V LELDLEDRLDOETS.
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12 SORWEEIZIE, ZOHE & ZAUTE D D5 Y R Fh e - REZ R L.

[FY2013-FY2015]
1. K. Abeand N.W. Ashcroft, “Quantum disproportionation: The high hydrides at elevated pressures,” Phys. Rev.
B, Vol. 88, No. 17, Article no. 174110, pp. 1-5, 2013. [IF: 3.664], [Times Cited: 12]

B GeHy [T HE TIFEETE 508, BZMTIE Ge-H OB L TREETH 5, AFETIE, =
DOFHHEEL72% (Ge+dH) 78 175GPa LA 12T GeHs+H ([ZHA T2 2 & 23— EREH R B R L7z, GeHs
DOFEEDWA# & L CTIE Pm-3n (A15). P4do/mme, Ceem #EiED =50 H D, = B —DEITBHEWIC
HEFITITV, 2D = SOEEIIETEBIHTH Y . McMillan O 6 | EBIREERBIE T 100 K B2 E
LLEERAES > TV 5, GeHs WRE(L SN DENIH DO FE R TRV X —DEBL N2 02T, R
— X L TR RPN EEREHZR L TND 2 EBIERL TV 5,

FHE CTOEBREHA /30 FELUVHEMFE . AR TIE, GeHs B2 0 OFEETHEEMI T,
RVIZGHs BNEIND Z & Z2HO TOR LT, 2O GeHs FHIL, BUED @ EHAT TR CT & 5 E#HICH
DRND, THRENIBEE T AEmNE W) S THERICHET S,

Abstract: Although GeHs compound can be formed at ambient pressure, it is still thermodynamically unstable to
decomposition into Ge and H. This study shows by using first-principles methods that the decomposed system
(namely, Ge+4H) is transformed into GeHs+H above 175 GPa. The results suggest three candidate structures for
the GeHs phase, namely, the Pm-3n (A15), P4,/mmc, and Ccem structures, whose enthalpies are quite close to each
other. All the three structures are metallic, and their superconducting transition temperatures have been estimated
to be about 100 K or higher according to the McMillan equation. The pressure at which GeHs becomes stable is
significantly influenced by zero-point energy of nuclei, and quantum effects play an important role in a notable
trend towards disproportionation.

International impact on both academic and social aspects: This is the first work which shows that GeHs remains
to be unstable up to very high pressures, GeHs being stabilized instead. It is notable that the superconducting T in

GeHg is very high while the required pressure lies within the reach of current experimental techniques.

2. G.-f. Li, Y. Honda, H.-x. Liu, K. Matsuda, M. Arita, T. Uemura, M. Yamamoto, Y. Miura, M. Shirai, T. Saito,
F. Shi, and P. M. Voyles, “Effect of non-stoichiometry on the half-metallic character of Co.MnSi investigated
through saturation magnetization and tunneling spin polarization,” Phys. Rev. B, Vol. 89, No. 1, Article No.
014428, pp. 1-14, 2014. [IF: 3.736], [Times Cited: 29]

B EAV AR A AT —E4 CooMnSI IZBI1T BTN A E U RRRIC RIET R LY il
&N U RVEESIR P O FEER 7 S ONTE — JRFEEEIC L VA L2, Mn RZHAETIE Mn 2 &E# L 7=
3



Co lZHRE LI2ETIRENRNY F¥ ¥ v TRICA LT, AV UREIBEOKTAZ 7253, —J. Mn il
FHLAK T Co @ Mn EHMNHI ST, @ b R ESKEIUE R E b 5,

PHECOERNA U/ FELUHEMEE: Mn BEFKEORA A7 =588 0 TEWD b x
IREKIRGTE 35 AL 2 BRI 2 R L 72 AR O sERIXEBRIC bR STl b . ZiE T 29 [H
FIA SN TV D, RFFERFII AR MR A T U OB GLEREE O L~y RIS HA~O RN
HfFT&E 5,

Abstract: This paper elucidated the influence of non-stoichiometry on the spin polarization of a half-metallic
Heusler alloy Co.MnSi by the measurements of magnetization and tunneling magnetoresistance (TMR) as well as
first-principles electronic structure calculations. In Mn-deficient samples, the Co atoms which substitute Mn atoms
causes the electronic states in the energy gap of the minority-spin band, leading to the degradation of the spin
polarization. In Mn-excess samples, on the other hand, the high TMR ratio was obtained due to the suppression of
the anti-site Co atoms.

International impact on both academic and social aspects: This work attracted much attention from world-wide
readers since it elucidated the reason why the Mn-excess Heusler alloys show high TMR ratio, and has been cited
29 times so far. This result will contribute to the development of non-volatile magnetic random access memories

and the read-out head of magnetic recording systems.

3. S. Kanai, M. Tsujikawa, Y. Miura, M. Shirai, F. Matsukura, and H. Ohno, “Magnetic anisotropy in
Ta/CoFeB/MgO investigated by x-ray magnetic circular dichroism and first-principles calculation,” Appl. Phys.
Lett., Vol. 105, No. 22, Article No. 222409, pp. 1-4, 2014. [IF: 3.302], [Times Cited: 26]

B VLV MR e b~ 7R 2T ARSI DK E REEMAKETEOREZ X # A H
& R R A W TR LT, B~ 7 %20 A L OSUEIZE W TEROBERE— A & b
E =70 MTHAREAE TR L TR E QBTG AR Z AL E R0 Bk a0 M~
BEHRBETE~NRKRE S FLGE LTV D EOFMANGE LT,
FHETOERIA 2\ ) FEIUVHSMEE: /UL MR o b~ 7R v 2R mICs T 5%
JELRE SR T PE DR A A L e AR E O BCRIZEBRIC G ER ST Y. ZAETIC 26 BISIH S
TWD, AWFZERCRIIAHIEMER R A €V ~DOISHAR IR S5,

Abstract: We reveal the origin of large perpendicular magnetic anisotropy at the CoFeB/MgO interface by using
X-ray magnetic circular dichroism and first principles calculations. The orbital magnetic moment of interfacial Fe
atom exhibits a large anisotropy for the magnetization direction compared to Co atom, and this result indicates that
Fe atoms at the interface contributes more than Co to the perpendicular magnetic anisotropy.

International impact on both academic and social aspects: This work is highly evaluated for elucidating the
origin of the perpendicular magnetic anisotropy at the CoFeB/MgO interface, and has been cited 26 times. This

research result is expected to be applied to nonvolatile magnetic memory.



[FY2016-FY2018]

1. S. Miwa, M. Suzuki, M. Tsujikawa, K. Matsuda, T. Nozaki, K. Tanaka, T. Tsukahara, K. Nawaoka, M. Goto,
Y. Kotani, T. Ohkubo, F. Bonell, E. Tamura, K. Hono, T. Nakamura, M. Shirai, S. Yuasa and Y. Suzuki, “Voltage
control of platinum orbit: A contribution to interfacial magnetism,” Nature Commun., Vol. 8, Article no. 15848,
pp. 1-9, 2017. [IF: 12.353], [Times Cited: 40]

R SAeib~ 722y LRI T DS O BRI O 2 At E 7o X R
Sk &R RIS S W TR L, RO A& OB A A EREIC LW ZTR L,
ZO/ER L L THAIMFE—A > FPFESNDEEN AN TH L Z L 2O THLMI LT,
FWETOERNA N\ FELVHSMEE: Zomd. SaeMb~ 272y v AR5
BRI PEDOBREH O ZMHH L2 L Trm<iMish, ZHETIZ 40 BsIAShTWD, B
FRFEMEFE TR (2017 426 A 28 HTI) . FHoEdR (20017 457 A 28 BT (CH#i S, FEERIICA
FRFEMER A € U OFIABIHEE S ORI 2 72 5 THERR TH D LI ST 5,

Abstract: In this work, we revealed the mechanism of electric field modulation of magnetic anisotropy at the
FePt/MgO interface by X-ray magnetic circular dichroism and first principles calculation. This is the first work to
mention that the magnetic dipole moment induced by deformation of electron distribution of Pt atom due to the
electric field provides a magnetic anisotropy change.

International impact on both academic and social aspects:  This paper is highly evaluated for elucidating the
mechanism of electric field modulation of magnetic anisotropy at the FePt/MgO interface, and has been cited 40
times. Related articles are published in the Chemical-Industry Newspaper (June 28, 2017) and the Science News
(July 28, 2017), since this result will provide the significant suppression of write power consumption of nonvolatile

magnetic memory in the future.

2. K. Abe, “Hydrogen-rich scandium compounds at high pressures,” Phys. Rev. B, Vol. 96, No. 14, Article no.
144108, pp. 1-7, 2017. [IF: 3.813], [Times Cited: 9]

BH B REGRK QT X MEERRICE Y . KR v F e Sc A @ EMZ Tl L7, 160 GPa
PLEIZE T % 14/mmm ScHs, 135~265 GPa [Z3531F % P6s/mmc ScHe, & L T 265 GPa LA RiZ17 % Im-3m
ScHs N ZENTH D, ZO=DTETEBHTHY . ZOBEHEEREIREIL McMillan DA 5 ., 14/mmm
ScH4 (195 GPa) T 67 K, P6s/mmc ScHes (145 GPa) T 63 K, & L T Im-3m ScHs (285 GPa) C 130K & AfE
S TW5, £72. Mg, Sc,Ca, Y DG AR T ARSIk O mE K LEMIT B T
EHAENE GHABaRR) 23pk YV SZOATREME B R L TV D,

ZHME TOEBRHA VXY FELXUVHRELR: Sc KB AW T D high-Te HO TR Z . xt
BIROFEZ M L CThR Y . ZHIS%, il KB EWEBHERET 5 L THORfRENI D &
S b,

Abstract: By using ab initio calculations and random structure searches, hydrogen-rich Sc compounds are predicted
to be possible at high pressures. These are ScHs in the 14/mmm structure above 160 GPa, ScHs in the P6s/mmc

structure from 135 to 265 GPa, and ScHe in the Im-3m structure above 265 GPa. The three phases are all metallic,

5



and the superconducting transition temperatures estimated from the McMillan equation are 67 K in the 14/mmm
ScH4 (195 GPa), 63 K in the P63/mmc ScHs (145 GPa), and 130 K in the Im-3m ScHe (285 GPa). Also, by comparing
Mg, Sc, Ca, and Y hydrides, it is suggested that there exist diagonal relationships, namely, structural similarities in
dense hydrides of diagonally adjacent elements on the periodic table.

International impact on both academic and social aspects: In addition to the prediction of the high-T. phases
of Sc hydrides, this work suggests the existence of diagonal relationships, which are expected to serve as a practical
clue in searching for new metallic hydrides.

3. T. Nozaki, A. Koziol-Rachwal, M. Tsujikawa, Y. Shiota, X. Xu, T. Ohkubo, T. Tsukahara, S. Miwa, M. Suzuki,
S. Tamaru, H. Kubota, A. Fukushima, K. Hono, M. Shirai, Y. Suzuki and S. Yuasa, “Highly efficient voltage
control of spin and enhanced interfacial perpendicular magnetic anisotropy in iridium-doped Fe/MgO magnetic
tunnel junctions,” NPG Asia Mater., Vol. 9, Article no. e451, pp. 1-10, 2017. [IF: 7.208], [Times Cited: 18]

R FREHRICESWTEE SN Y U AAE MR A 2 BB e T A LIk,
RIS T OB FR L WEORIE TR 35T 5 Z LITlB Le, ZHUC K D EE by 7 Rf#gs
PERER A £ Y OFERIZR D B D EIEA t“‘/%U?ﬁﬂéjJ%%fW)féﬁfz L7z,

2HMECTOERNA /80 FELUHEMEE: oML, BEAEUHIEHEZ DRI T 2810
VU LEEEERA OBRR LT Z & T < il S 4, _zhif 18 FIBI A &N TWD, Z ORFZERE
V%, FERERE ) & BEEhEE ) 3 & B IITARWIEAR D RS ME A £ U O FZBUZ AT HE CTh 0 | BIEFFFFAY, 2017
3 H 30 HICPEEBATRAMIIERT, HALKT:. WH - MEHF7EEME ) & LR S Tz,

Abstract: We succeeded in increasing the electric field modulation efficiency of interfacial magnetic anisotropy by
about 3 times compared to the conventional one by using the Felr alloy electrode designed based on first principles
calculations. As a result, we have achieved the voltage spin control efficiency required for the application of voltage
torque nonvolatile magnetic memory.

International impact on both academic and social aspects: This paper is highly evaluated for the development
of iron-iridium alloy thin film magnets that make voltage spin control more efficient, and has been cited 18 times.
This result is important for realizing the non-volatile memory with low standby power and low driving power, and
related patent is applied jointly by National Institute of Advanced Industrial Science and Technology, Tohoku
University, Materials and Materials Research on March 30, 2017.



G. BHEIRE;EF / Significant Activities (FY.2013-2018)
See Ref. 2-9.  “#” mark indicates research carried out at a former organization.
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[FY2013-FY2015]

6. HEFA - £LEARWLATEOEE
Achievements of work done under the framework of Joint Usage/Research Center
[3] WFZERREE « A B> b =7 A2l (H26/S2)
Research Title: Spintronics academic alliance

AT 1P =7 MFFEIZ BV THRERY: « RIRORY: - BERRNR T & ILF T 2 1 T 72
ERHE (A o =7 e LEE R v U — 2 ) LS OEED . BRI SHR O
22 ) AR O IBIFERTENC BT 2~ 242 =7 T (v AX—7"F 2 2014) | OFEFKUDFFEEHE
WCERRE 7z (2014 422 H) . & DICAREREII GRS E O M RoO R T =7 F—
Hn— Ry 7 2014) 10FD 5> bO 1 HERIRS . (2014 4E 8 ),

Our proposal entitled “Spintronics Research Infrastructure and Network” was adopted to the High-priority
Large-scale Research Plans of “Master Plan 2014” by the Science Council of Japan in February 2014. The
proposal was also accepted to the “Large-scale Scientific Research Projects — Roadmap 2014” by the Ministry
of Education, Culture, Sports, Science and Technology (MEXT) of Japan in August 2014. The proposal had
been prepared in collaboration with the University of Tokyo, Osaka University, and Keio University under the
RIEC Nation-wide Cooperative Research Project entitled “Spintronics academic alliance.”

[FY2016-FY2018]

6. HRFMA - £RARHAFEHDOER
Achievements of work done under the framework of Joint Usage/Research Center
[3] WFFEARRE : A b =27 RFiEHE (H26/S2)
Research Title: Spintronics academic alliance

AR T rY =7 MERIZEBOWTHELZED TE e (R ha =7 2P iR & s R
N —7 | LR OBEAFICB T AR ER RO b T EEAZIT T, MR 4 R GRAERT, 3R
RF, RIRKRF, BILERBRT) ICAE Y bu =7 ZPNEEIEE ¥ — PR iE S, A
v hr=r ZEER Y N U — 7 OIEE AR Sz (2016 4F 4 A), ARy U —7
X R WFIE AT & LRI ZEDRIEIZ KLY . A b e =7 AWPEOTEMELZ BFE L T\ 5,

Following the acceptance of our budget demand on “Spintronics Research Infrastructure and Network,” the
Center for Spintronics Research Network (CSRN) was established in each of four base universities, i.e. Tohoku
University, the University of Tokyo, Osaka University, and Kieo University. The Spintronics Research Network
of Japan (Spin-RNJ) was officially launched in April 2016. The objective of Spin-RNJ is activation of
spintronics research by promotion of the close exchange and joint research.
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