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CHARGE

SPINTRONICS
B Detect electrically a magnetic configuration

Giant Magnetoresistance (GMR)

high resistance low resistance

Current Perpendicular to Plane (CPP)

high resistance low resistance N
8
8
N

magnetic
recording

Current In Plane (CIP) media

Read Head of HDD / Magnetic Sensor

Hard disk drive (HDD)

Tunnel Magnetoresistance (TMR)

Tunnel

Ferromagnetic — &
barriers

electrodes
npyn uym

Low resistance state

“Bit” lines ——

—

High resistance state

“Word” lines =
Nonvolatile MRAM

B Control magnetic configuration via an electric current

Non-volatile

Highly scalable

Low power consumption
SRAM read/write speed
Unlimited endurance

DRAM & Flash density (6 F2)
Multi-level cell capability

Nonvolatile Spin Transfer Torque (STT) MRAM

S
GIANT SPIN TORQUE EFFECT IN NOVEL MTJs

B Single-molecule magnetic junction

B Spin-filter based magnetic tunnel junction

B EZEMIT R AT 4B

NEWLY DEVELOPED “JunPy” package
(DFT + TB for spin transport calculation)

(1) First principles calculation

(2) Non-equilibrium Green’s function method

B Spin-polarized current density

1 o " Lon - a - -
QJ<,: —— z /Tr[(ES;:j—Hj_j)Gif—ij(ES"j_H_j_i)]o;dE ,

an 5 =

B Spin-transfer (STT) and field-like (FLST) spin torques

STT = —Q,,c0s0 + Q,,sinf
FLST = Q,,

(3) Large scale calculation ( DC-NEGF+DFT )

(1) Divide-and-conquer process

(I1) Device SCF process

HPC cluster

(1) Non-collinear magnetic configuration

SCF of sub-block Hamiltonian

| S T !
pijistficiisis
v

‘Combine sub-block Hamiltonian

A 4 \ J
H, Hy

i
T

initial
L

‘ Compute Haeviee [p] ‘ | Higeviee 0) +— Huevice | |
‘ Compute NEGF, G*, G*, G ‘ Compute NEGF G*, G*, G
Compute new clectron density p Magneto-transport propertics

B EZEMIT R AT 4B
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