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Information processing and storage

Processing CPU,
Based on semiconductor CMOS

Lost information
DRAM after switching
off power
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The development of Spintronics
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Development of Magnetic (Spin) Memory
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Outlines

® Current induced the magnetization switching in

Pt/CoNICo/Pt by spin orbit torgques

® Current induced magnetization switching

without external magnetic field

® Perspective



® Current induced the magnetization
switching in Pt/CoNiCo/Pt by spin orbit

torques



Spin orbit Torques

Spin Hall Effect Rashba Effect

MxSxM
Interface inversion asymmetry at the
Crystal inversion asymmetry in heavy metal (HM) and ferromagnetic
the heavy metal (HM) metal (FM) interface

Both mechanisms could play a very important role in current

switching magnetization in HM/FM system
X. Fan et al., Nature Comm. 4, 1799 (2013).



Strong perpendicular symmetric FM devices
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Determine the effective field
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Switching ferromagnet with Hx by SHE
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* Looking for electrically switching
magnetization without external
Magnetic field



Determinsitic switching in Heavy metal/FM system
without magnetic field
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Yu, G. et al. Nat. Nano. 9, 548-554 (2014)



Breaking the symmetry of the magnetic materials
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You, L. et al. PNAS 112, 10310-10315 (2015).



Insert antiferromagentic layer
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Insert antiferromagnetic
layer (IrMn) , produce
an in-plane exchange field.

Young-Wan Oh, Nat. Nano. 109, 10854 (2016)



Control switching with only ferromagnetic layers
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(c,d) magnetization hysteresis loops measured using a MOKE
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Field assistant current induced magnetization
switching in reference device
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No deterministic switching observed when the external magnetic field
is low for the reference sample



Current-induced magnetization deterministic
switching at zero field
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With pre-magnetized along current orientation, the current-induced switching is

opposite with opposite pre-magnetized.
Proves the role of the top in-plane Co layer-



Adjustable Current-induced magnetization switching
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Perpendicular effective field induced by current
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Thickness of Ta dependence on the current induced switching
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Voltage Switchable current-induced device structure
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Ferroelectric properties of the substrate
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Current induced switching under magnetic field

H
d _ /:Z
Z X % 0 — 92390 \ \d’o/““

%O—oooo%/ %220
x | \0\

_ _ _ -1 93320030033000090000030030999
Without polarization, S
Current pass through Pt | (MA)
layer

Under external magnetic field Hx,
current-induced deterministic
magnetization switching.



Electrically control deterministic switching at H=0
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Estimated the perpendicular electric field
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Spin density gradient in x direction
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Due to the spin orbit coupling, the perpendicular electrical field can
change the spin orientation of the interface Pt layer, Combining with the

Spin Hall effect, the spin density gradient will be formed in x direction



Macrospin model
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Micromagnetic simulations
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Micromagnetic
simulated results are in
good agreement with
the experimental results.

K. Y. Wang, Nature Materials 16 (2017) 712



Using as an element for information

VeMN-PT

e

41 1 |

R

1} QD SERY ‘ > RGP R IR 75

or @ P o P o “9 ® b @ f @ L

-1::&:::‘; LSS GRERP QR SRS o

1_ p,

oL LT
A | | Y A | A [

-1 R R

0 10 20 30 40 50 60 70

Time (s)

Information storage

DREe: LETTERS
ma'terlals PUBLISHED ONLINE: 3 APRIL 2017 | DOI: 10.1038/NMAT4886 Adva nta ges :
1.without magnetic field at room
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For practical applications:
-------- still lots to do for both memory&logic

1: lower down the electrical voltage ---shrinking device size and
using ferroelectric thin film
-------------- or have both sign of switching in other simpler way

2: decreasing the current density---- finding some materials with

large Spin Hall angle ----- or without electrical current
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