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2. Spin-dependent transport in magnetic tunnel junctions with 
half-metallic Heusler alloys

Y. Miura, et al., PRB 83, 214411 (2011).

Topics

1. Introduction on spintronics

K. Masuda, T. Tadano, Y. Miura, PRB 104, L180403 (2021).
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3. First-Principles Study on magnetic damping of Fe(001) interface

R. Mandal, et al., Phys. Rev. Applied 14, 064027 (2020).

Spintronic Interface design



Introduction of spintronics 
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What is spintronics?

Electronics utilizing not only charge of electrons 
but also spin of electrons, simultaneously.

electronics magnetics

Current magnetization

Storage, HDD
Transistor, 
logic circuit 

spincharge
spintro
nics
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Magneto-resistive devices  

(T)MR ratio =
𝑅𝑅𝐴𝐴𝐴𝐴 − 𝑅𝑅𝑃𝑃
𝑅𝑅𝐴𝐴𝐴𝐴

× 100

(Tunnel) Magnetoresistance ((T)MR) effect 

RP : small RAP : large
Tunnel→Non-Magnetic Insulator



Read-out head of Hard Disk Drive (HDD)

Structure of HDD

NS N S N S

Magnetic 
field

Small Resistance（０） Large resistance（１）

Storage media

current current

Free FM layeror

Pinned FM layer （FM: ferromagnetic materials）
NM layer（NM: nonmagnetic material）

AFM layer（AFM: antiferromagnet materials）Exchange 
coupling

Spin valve

Current
Read-out head

Storage media   
(Magnetic thin film)

From press release of AIST

Structure of read-out head

読み出しヘッド：
GMRヘッドRead head

Write head

Storage media

Track 
width bit length

Writing 
current

Reading 
current

Moving 
direction
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Spintronics application

Magneto-resistive Random Access Memory (MRAM) 

TMR 
device Transistor

Everspin   
64Mbit  MRAM

・Non volatile memory
・Fast writing speed (10～50ns)
・Low electricity consumption (～30μW)
・Long endurance (10 years)

Magneto-resistive sensor 

Earth’s magnetic field sensor・current sensor for car・biomagnetic sensor

Corresponding to SQUIDHDD read-out-head
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SRAM(Static RAM)⇒MRAM for non-volatile cash and core memory



Comparison of performance of non-volatile memory

Nanotechology 31, 092001 (2020).

RRAM: Resistive switching random access memory
PCM: Phase change memory
FeRAM: Ferroelectric random access memory

Large ON/OFF ratio (Magneto-resistance)

Low energy consumption in switching

Future Task
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Magnetization reversal in Magnetic Tunnel Junctions (MTJs)

１．Magnetic field by current  
problem：・complicate circuit.

・current∝1/device-size
Effects of demagnetizing field increase the critical current for 
writing with decreasing size of device

２．Spin transfer torque （STT）

J.C. Slonczewski, 
JMMM 159 (1996) L1.

The spin flip of conductive electron give the 
torque to the local spin moment due to the 
angular momentum conservation

e
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current current

MTJ parallel MTJ antiparallel

FM
Insulator
FM

・simple circuit
・current∝device-size

Tohoku Univ. Ando lab. HP 
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Magnetization reversal by spin transfer torque (STT)

１. High spin polarization (P) of current

2．Perpendicular magnetic anisotropy(PMA)    Hanti-4πMs

Reduction of critical current density (Jc0) 
(107A/cm2⇒105A/cm2)
𝐽𝐽𝑐𝑐𝑐 ∝ 𝛼𝛼𝑀𝑀𝑆𝑆 𝐻𝐻anti ± 4𝜋𝜋𝑀𝑀𝑆𝑆 𝑡𝑡/𝑃𝑃

α：Magnetic damping constant
MS：Saturation Magnetization

t：Thickness of FM layer

Hanti±4πMS: Effective anisotropy field
P：Spin polarization of current 

J.C. Slonczewski, JMMM 159 (1996) L1.

3. Low damping constant(α)

Spin transfer torque

Damping torque  
(magnetic friction)
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Bcc-Fe
⇒half-metallic on Δ1 state

Δ1, Δ2, Δ5

Δ1, Δ5, Δ2

Amorphous Al-O barrier MTJ
a-AlObcc-Fe (001) bcc-Fe (001)

Δ2

MgO(001)

Δ1
Δ5

Δ1, Δ5, Δ2

Crystalline-MgO barrier MTJ
bcc-Fe (001) bcc-Fe (001)

W. H. Butler, et al., PRB 63, 054416 (2001).

Large tunnel magneto-resistance (TMR) in magnetic tunnel junctions (MTJs)

10/45Now, Fe/MgO/Fe(001) MTJs have been used as a read-out-head of HDD!

Development of barrier layer 
is very important!

World record 
TMR in NIMS!

>630%
arXiv:2202
.07847



MgO complex band 
at (kx,ky)=(0,0)

EF
0

1

2

3

4

5

-5

-4

-3

-2

-1

Δ1

Γ X
Real kzImaginary kz

κ

E-
E F

 [e
V

]

z=0 z=d

V(z)=0 (z<0, z>d)

V(z)=EG (0≤z≤d)EG

𝑒𝑒𝑖𝑖𝑘𝑘𝑧𝑧𝑧𝑧 𝑒𝑒−𝜅𝜅𝑧𝑧

V(z)

𝑡𝑡𝑡𝑡𝑖𝑖𝑘𝑘𝑧𝑧𝑧𝑧

Fe/MgO/Fe(001)
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Why the Δ1 state show the slowest decay in MgO barrier?

Δ2

MgO(001)

Δ1
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bcc-Fe (001) bcc-Fe (001)
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Fe band and transmittance in 
Fe/MgO/Fe(001) at (kx,ky)=(0,0) 

(Δ1)

(Δ1)

Why Fe/MgO/Fe(001) MTJs show the larger TMR?
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k-parallel (kx,ky) dependence of 
transmittance at EF of Fe/MgO/Fe(001) 

(Parallel magnetization)

12/45TMR ratio of Fe/MgO/Fe(001) MTJ is around 3000% for 2nm MgO thickness.



Topics
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2. Spin-dependent transport in magnetic tunnel junctions with 
half-metallic Heusler alloys

Y. Miura, et al., PRB 83, 214411 (2011).

Topics

1. Introduction on spintronics

K. Masuda, T. Tadano, Y. Miura, PRB 104, L180403 (2021).

3. First-Principles Study on magnetic damping of Fe(001) interface

R. Mandal, et al., Phys. Rev. Applied 14, 064027 (2020).



Introduction: Half-metallic ferromagnets

Co2MnSi

(1) B2-type disorder

(2) D03-type disorder

Y. Miura, et al., PRB, 69 (2004) 144413.

The Half-metallic ferromagnets 

D
O

S

Up spin

Down spin

EF

energy

𝑇𝑇𝑇𝑇𝑇𝑇 =
G𝑃𝑃 − G𝐴𝐴𝐴𝐴

G𝑃𝑃
=

2P𝐿𝐿 ⋅ P𝑅𝑅
1 − P𝐿𝐿 ⋅ P𝑅𝑅

P𝐿𝐿(𝑅𝑅) =
D𝐿𝐿(𝑅𝑅)
↑ − D𝐿𝐿(𝑅𝑅)

↓

D𝐿𝐿(𝑅𝑅)
↑ + D𝐿𝐿(𝑅𝑅)

↓Spin-polarization at EF

Julliere model

Co-based full Heusler alloys

Co
Y
Z

L21-structure

Co2YZ (Y=Fe,Mn,Cr : Z=Si,Ge,Al,Ga)
High Curie temperature (900K)
Simple fabrication process
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TMR ratio of MTJs with Co2MnSi(CMS)

Problem in MTJs with half-metallic Heusler alloys

Problem: Reduction of the TMR ratio at room temperature
in spite of high curie temperature of Co2MnSi: 985K

B. Hu, et al., PRB 94 (2016) 094428. 

Top data

CMS/MgO/CMS(001)
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Y. Sakuraba, et al., Appl. Phys. Lett. 88, 192508 (2006).

CMS/AlO/CMS

Experiment



Problem in MTJs with half-metallic Heusler alloys
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Spin resolved hard X-ray photoemission of Co2MnSi thin film

Theoretical consideration

1. Temperature dependence of bulk density of states

T=0K 0<T«Tc T≈Tc
Disordered Local Moment (DLM) method

Weiss Field ⇒order parameter

Temperature dependence of total DOS 
of bulk CMS calculated from DLM 

K. Nawa, et al., PRB 102, 054424 (2020).

CMS(L21)
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S. Ueda, et al., PRB 106, 
075101 (2022)

High spin polarization 
hardly reduce at 300K.



2. Effects of the spin-flip scattering through the interface states promoted by 
magnetic excitation.
P. Mavropoulos, et al., PRB, 72 (2005) 174428.

Anti-parallel magnetization

Theoretical consideration

Co2MnSi/MgO(001)

Y. Miura, et al., PRB 78, 064416 (2008).

Y. Miura, et al., JPCM 19, 365228 (2007).
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How we can treat interfacial effects in TMR

Electronic structures

 Plane-wave basis set
 Ultra-soft pseudopotential method
 GGA for Exchange-Correlation term 

A. Smogunov, et al., PRB 70, (2004) 045417.Transport calculations

 Landauer formula
 Zero bias limet Ballistic 

Conductance
𝐺𝐺 =

𝑒𝑒2

ℎ �
𝑖𝑖

𝑁𝑁

𝑇𝑇𝑖𝑖

http://www.pwscf.org/

Conductance calculation in Non-collinear spin system

First, we perform electronic structure 
calculations in collinear spin system
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Then, we artificially rotate  spin-quantum 
axis of local spin-moments to obtain 
density-matrix in non-collinear spin system.



The rotation of spin-quantum axis in NC spin system

The density matrix in non-collinear spin system is obtained from the 
inverse unitary transformation of spin-density in collinear spin system. 

θ,φ

Collinear spin system(ni) Non-collinear spin system(nαβ)

Local potential in Collinear spin system
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Local potential in Non-Collinear spin system

Y. Miura, et al., Phys. Rev. B 83, 214411 (2011).
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Transport in non-collinear spin MTJs
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Y. Miura, et al., Phys. Rev. B 83, 214411 (2011).
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k||-dependence of spin-flip conductance

Co2MnSi(Zv=29)
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LDOS image 
at interfaces
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Spin-flip conductance in anti-parallel magnetization is dominated by the Δ1 tunneling states. 
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Noncollinear magnetic structure of the third and forth interfacial layer show relatively small reduction of TMR.

Effects of sub-interfacial non-collinear spin to TMR

Noncollinear magnetic structures of the first and the second interfacial layer strongly reduce TMR.

θ
1st layer Co

θ
2nd layer Mn

θ

3rd layer Co

θ

4th layer Mn
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E(θ)

MnSi-term.Co-term.

CMS/MgO(001)

Exchange stiffness constant at CMS/MgO(001)

Increase of band energy of Non-collinear Spin ⇒ Strength of exchange coupling

M [μB] Co1 Mn1 Fe1

Bulk (CMS or Fe) 0.93 3.31 2.35

MgO interface 0.54 4.06 2.98

ΔM [μB] -0.39 ＋0.75 ＋0.63

Exchange stiffness of interfacial atoms

Interfacial local spin-moment

A [meV/u.c.a.] Co1 Mn1 Fe1 Co2

Bulk (CMS or Fe) 414 529 600 414

MgO interface 145 565 753 347

ΔA [meV/u.c.a.] -269 ＋34 ＋153 -67

Fe/MgO(001)E(θ)=A(1-cosθ) A∝JM2

𝑉𝑉𝛼𝛼𝛼𝛼(𝛼𝛼≠𝛽𝛽) r =
𝛿𝛿𝐸𝐸𝑋𝑋𝑋𝑋
𝛿𝛿𝑛𝑛↑

−
𝛿𝛿𝐸𝐸𝑋𝑋𝑋𝑋
𝛿𝛿𝑛𝑛↓

sin𝜃𝜃

Off-diagonal part of local potential

A. Sakuma, et al., JAP 105, 07C910 (2009).
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𝑡𝑡(para,anti) 𝑇𝑇 =
∫ 𝑡𝑡(para,anti) 𝜃𝜃 exp ⁄−2𝐸𝐸 𝜃𝜃 𝑘𝑘𝐵𝐵𝑇𝑇 sin 𝜃𝜃 𝑑𝑑𝑑𝑑

∫ exp ⁄−2𝐸𝐸 𝜃𝜃 𝑘𝑘𝐵𝐵𝑇𝑇 sin 𝜃𝜃 𝑑𝑑𝑑𝑑

Boltzmann average of tunneling conductance 
TMR ratio at finite temperature

Temperature [K]

MgO thickness ～2nm

Calculations
Fe/MgO/Fe

CMS/MgO/CMS(MnSi-term.)
CMS/MgO/CMS(Co-term.)

Reduction TMR ratio at RT in CMS/MgO/CMS MTJ can be attributed to 
a spin-flip scattering at interfacial region caused by thermal fluctuation.

25/45



Exchange coupling for other Heusler alloys
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𝐸𝐸 𝜃𝜃 = 𝐴𝐴 1 − cos𝜃𝜃

26/45



Inter-atomic layer exchange stiffness constant A  [meV/cell area]
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𝐸𝐸 𝜃𝜃 = 𝐴𝐴 1 − cos 𝜃𝜃

Interfacial Co spin-moment at Co termination [μB] A∝JM2

Enhancement of interfacial Co spin-moment is effective to obtain large exchange coupling.
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Comparison with Experimental results on TMR at LT and RT

TMR RT
TMR 5K

=
180%
700%

= 0.26

TMR RT
TMR 2K

=
217%
753%

= 0.29

TMR RT
TMR 9K

=
386%
832% = 0.46

TMR RT
TMR 10K =

330%
700% = 0.47

 S. Tsunegi, et al., APL 93 (2008) 112506.

T. Ishikawa, et al., APL 94 (2009)  092503.
N. Tezuka, et al., APL 94 (2009) 162504.

 W. Wang, et al., APL 95 (2009) 182502.

Co2MnSi/MgO(001) Co2Fe(Al,Si)/MgO(001)
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TMR ratio at 300K

令和３年度 安全保障技術研究推進制度 成果報告書より

631%

NIMS spintronics group
Appl. Phys. Lett. 122, 112404 
(2023)

Word record !
by NIMS in 2023

TMR比 = 100 ×
𝑅𝑅AP − 𝑅𝑅P

𝑅𝑅P
The highest TMR 
at 300K was 604% 
by Tohoku Univ. 
from 2008 to 2022. 

New development on TMR



K. Masuda, T. Tadano, Y. Miura, 
PRB 104, L180403 (2021).

Spin-flip Hamiltonian

Recent progress

More sophisticated treatment of spin-flip scattering at finite temperature in MTJs

Jsd: Intra-atomic exchange coupling between 
conductive s electrons and localized d electrons
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Summary of the first topic

◇ Spin-flip scattering at 1ML of interfacial non-collinear spin strongly reduces the TMR.

◇ The  reduction of the TMR ratio at RT can be attributed to spin-flip scattering 
at interfacial region caused by thermal fluctuation of interfacial Co-layers.

To raise the TMR ratio at RT, we have to insert CoFe-layer to 
enhance the interfacial exchange stiffness of CMS/MgO.

◇ Interfacial Co-layer is easy to fluctuate at RT due to the small exchange stiffness at CMS/MgO(001).
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Topics
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2. Spin-dependent transport in magnetic tunnel junctions with 
half-metallic Heusler alloys

Y. Miura, et al., PRB 83, 214411 (2011).

Topics

1. Introduction on spintronics

K. Masuda, T. Tadano, Y. Miura, PRB 104, L180403 (2021).

3. First-Principles Study on magnetic damping of Fe(001) interface

R. Mandal, et al., Phys. Rev. Applied 14, 064027 (2020).



Dynamics in local spin moment

What is magnetic damping?

Spin-orbit interaction

Damping torque

Local spin M

Spin torqueConductive  
electron

e

External magnetic field H

( )
αωγω

γωχ
iH

M
eff

s

+−
−=+

( ) +++ = HM ωχ
Magnetic Susceptibility( ) ( ) zeffyx eHtieieHH 

+−+= + ωexp

( ) ( ) zsyx eMtieieMM 
+−+= + ωexp

Right circular dichroism of magnetic field

Precession motion of Local spin moment

( ) ( )( )HMM
M

HM
dt
Md

s




××−×−= 2
λγ

Equation of motion of magnetization
Landau-Lifshitz-Gilbert (LLG)

Spin torque Damping torque

sMαγλ =
α：magnetic damping

/0 Bgµµγ =
γ：Gyromagnetic constant

Ms：Saturation magnetization

𝐽𝐽𝑐𝑐𝑐 ∝ 𝛼𝛼𝑀𝑀𝑆𝑆 𝐻𝐻anti ± 4𝜋𝜋𝑀𝑀𝑆𝑆 𝑡𝑡/𝑃𝑃
Critical current density in STT switching
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Brownian motion of particle

Water (H2O) 
molecule

Particle

Kambersky Torque correlation model

Local spin 
momentConductive 

electrons

∑ ⋅=
i

i SLH


ζSO

( )tS −

Magnetic damping in precession motion 
of local spin moment 

Newton equation of particle in isolate system

Generalized Langevin equation（GLE)

Separation of fast motion (random term) and slow motion 
(friction term) by projection operator method

（Mori-formalism）

Heisenberg equation of magnetization in isolate system

Generalized Langevin equation （GLE)

Separation of fast motion(random term: spin-torque) and slow 
motion (friction term: damping) by projection operator method

（Mori-formalism）

V. Kambersky, Czechoslovak Journal of Physics B 26, 1366 (1976).
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( )[ ]
( )[ ] ( ) ( )[ ] ( )[ ]∫ ′′−Ω−= +−+−−+−

+−
t

tdStStMStSi
dt

StSd
0 00

1

0
0 ,,,

,
φφ

Projection to S+

( ) ( )[ ] ( ) ( ) dtettiiF tii∫
∞

∞−

++−−=+ εωθφφεω
0

,Fourier transform of correlation function of 
spin-torque (two-point Green’s function)

代入

( ) ( ) ( ) ( )[ ] ( ) ( )titdttStMtSi
dt

tdS t −−+−−−
−

−′′−′−Ω−= ∫ φφφ
0 0

1 ,

Precession motion Friction（damping） term 
(slow motion)

Random （spin-torque） term 
(fast motion)

Microscopic theory of magnetic damping
Separation between fast motion and slow motion 
(Mori formalism)

( ) ( )
( ) ( ) ( )εωεω

µµωχ
iFMi

M
V

g B

+−∆−Ω−+
−= −

+
1

2
0







Magnetic susceptibility
Random phase approximation (RPA)

V. Kambersky, Czechoslovak Journal of Physics B 26, 1366 (1976).

( )
( ) ( )εωεω

εωχ
ifMi

Mi
+−Ω−+

=+ −
+

10


Laplace transform
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𝜙𝜙− 𝑡𝑡 = 𝑆𝑆− 𝑡𝑡 ,𝐻𝐻SO
Spin torque operator



( ) ( )
( ) ( ) ( )εωεω

µµωχ
iFMi

M
V

g B

+−∆−Ω−+
−= −

+
1

2
0





 ( )
αωγω

γωχ
iH

M
eff

s

+−
−=+

Microscopic formulation of magnetic susceptibility Macroscopic formulation of magnetic susceptibility

Kambersky torque correlation model

( )



 +−=

→
εω

ωµ
γλ

ω
iF

V
1Imlim

0

2

0 
Magnetic damping

( ) [ ] kmHSknkΓ nm


,,, SO−=−

[ ] ( )−− −=− LSLSHS zzζSO,

Matrix elements of torque operator

Spin torque operator

Spin-conserving 
term

Spin-flip
term

( ) ( ) ( )∑∑
+−+−

= −

k knknnm
nm

B

EEEE
kΓ

V
g

 



 22
F

22
F

22
0

2

δ
δ

δ
δ

π
µµλ

（Calculation of Green’s function）

( ) ε
δε

δ
π
µζλ dED F

B ∫ +
≈ 22

2



Magnetic damping depends on DOS at EF 
and spin-orbit constant ζ.

( ) ( )[ ] ( ) ( ) dtettiiF tii∫
∞

∞−

++−−=+ εωθφφεω
0

,
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First-principles calculation of magnetic damping

( ) ( ) ( )∑∑
+−+−

= −

k knknnm
nm

B

EEEE
kΓ

V
g

 



 22
F

22
F

22
0

2

δ
δ

δ
δ

π
µµλ

Energy eigenvalue at 
each k and band n.

Bulk-Fe

μs=2.207μB

μl=0.049μB

Fe Fe

Fe

Fe

Fe
FeFe

Fe Fe

0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

0.0012

15 20 25 30 35 40 45 50 55 60

α=0.00105

k-points 3
kN

α

Convergence 
with 5032atoms/cell

⇒For surface and interface, 
50x50 k-points are necessary.

λ
γα sM

= /0 Bgµµγ =

Calculation of matrix elements of spin-torque operator using wavefunctions in DFT calculations

( ) ( ) kmLSLSknkΓ zz
nm


,, −−− −= ζ
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Magnetic damping of ferromagnetic metals

Intra-band transition 
（conductivity term）

Inter-band transition
（resistivity term）

δ

Comparison with Density of states (DOS)
ExperimentsK. Gilmore, PRL 99, 027204 (2007)
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Another application: Voltage controlled magnetic anisotropy (VCMA) switching in MTJ

From website of Sahashi’s ImPACT project in JST

Pulsed bias voltage changes PMA (perpendicular magnetic 
anisotropy) of interface of FM layer and promote the precession 
motion of the magnetization under uniform magnetic field.

By removing the voltage with a proper pulse 
duration, such as a half precession period, 
magnetization switching can be achieved. 

Basically, no current flow

Write Error Rate (WER)

Large PMA and Small damping α can reduce the WER

Thermal stability factor

39/45

Magnetic field B



Magnetic anisotropy change by EF

EF dependence is insensitive to 
thickness of FM layer

Magnetic damping change by EF

Large thickness dependence of FM layer

-21% of magnetic damping α is changed by 1V/nm EF for t=1.4nm

Experiments electric field effects of PMA and magnetic damping
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Potential and charge for model system
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－ ＋

E>0 :Increase of electron accumulation at Fe/MgO interface
E<0 :Decrease of electron accumulation at Fe/MgO interface

Dipole correction⇒ G. Makov and M. C. Payne, PRB 51, 4014 (1995).
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Voltage dependence of PMA and damping α of Fe surface and Fe/MgO interface

Fe Fe Fe Cu Cu Cu CuFe(001) 
surface

Fe/MgO(001) 
interface

Fe FeMg CuO Fe Cu Cu CuMgMg OOO

7% change 
for 1V/nm

Increase of 
electron at 
Fe surface

20.2% change 
for 1V/nm

Increase of electron 
at Fe/MgO interface

-110.9fJ/Vm

～2% change 
for 1V/nm

Increase of electron 
at Fe/MgO interface

PMA change

-9.7fJ/Vm

Increase of electron 
at Fe surface

PMA change

C. G. Duan, et al., PRL 101, 137201 (2008).  
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Decomposition of magnetic damping α

Torque operator

Spin conserving (Orbital deexcitation) term

The matrix elements are non-zero for 
atomic orbitals between different 
magnetic quantum number, such as  
d(yz,zx)-d(z2), d(yz,zx)-d(x2-y2), 
d(yz,zx)-d(xy)

σσ oLu − σσ oLu Z
−

The matrix elements are non-zero 
for atomic orbitals between same 
magnetic quantum number, such 
as d(yz)-d(zx),d(x2-y2)-d(xy)

Spin flip (Orbital conservation) term

[ ] ( )zz LSLSHS −−−− −==Γ ζSO,

Cu/Fe(5ML)/MgO
Cu/Fe(5ML)/MgO

Increase of electron 
at Fe/MgO interface 43/45
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Large matrix element of
( ) ( )zxyzdLyxd ,22 −−

Origin of electric filed dependence

Majority-spin

Minority-spin

Increase damping with 
increasing EF

-3

-2

-1

0

1

2

3

-4 -3 -2 -1 0 1 2 3 4

Fe/MgO(001) interface

∑ ↓↓ −

↓↓−↓↓
∝

kuo koku

xz kuLkokuLko
E

,, ,,

22

2
PMA

,,,,,,,,
)(

εε
ξ

The <d(x2-y2)|L-|d(yz)> increase the damping, but decrease the PMA.⇒opposite EF dependence 

Second order perturbation of SOI

( )+− += LLLx 2
1

D. Wang, et al., PRB 47, 14932 (1993).
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Summary of the Third topic

・For Fe/MgO(001) surface, the magnetic damping increases with increasing 
the electron accumulation at interface (positive EF).

・It is opposite to that of Perpendicular MCA.

First principles study on voltage control of magnetic anisotropy 
(VCMA) and magnetic damping in Fe/MgO interface

・The voltage dependence of magnetic damping of Fe/MgO(001) can be 
attributed to the spin conservation term.

(20% of damping constant α can be changed by EF=1[V/nm] for Fe/MgO(001))
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Summary of this talk

High spin-
polarization 
with low 
resistance

Strong 
perpendicul
ar magnetic 
anisotropy

Small magnetic damping 
and large VCMA effects

Required properties for 
spintronic materials 

Required performance  for pMTJs

High TMR ratio 
over 200% at 
300K

Low magnetization 
switching current
density Jc0 less than 
0.5MA/cm2

Large thermal 
stability factor 
KuV/kBT > 60 at 
300K

Magnetic sensor 

Earth’s magnetic field sensor・current sensor for car・biomagnetic sensor

Corresponding to SQUID
HDD read-out-head

MRAM

46/45



END

47


	スライド番号 1
	Self introduction
	Topics
	Introduction of spintronics 
	スライド番号 5
	Spintronics application
	Comparison of performance of non-volatile memory
	Magnetization reversal in Magnetic Tunnel Junctions (MTJs)
	Magnetization reversal by spin transfer torque (STT)
	Large tunnel magneto-resistance (TMR) in magnetic tunnel junctions (MTJs)
	Why the Δ1 state show the slowest decay in MgO barrier?
	Why Fe/MgO/Fe(001) MTJs show the larger TMR?
	Topics
	Introduction: Half-metallic ferromagnets
	Problem in MTJs with half-metallic Heusler alloys
	Problem in MTJs with half-metallic Heusler alloys
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	Topics
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	スライド番号 37
	スライド番号 38
	スライド番号 39
	Experiments electric field effects of PMA and magnetic damping
	スライド番号 41
	スライド番号 42
	スライド番号 43
	スライド番号 44
	スライド番号 45
	スライド番号 46
	END
	Magnetization reversal in MTJs

