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STT Spintronics
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... SOme numbers from HDD industry
ASTC Technology Roadmap
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MTJ Stack

First observation ofa TMR at RT
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Inverse spin Hall effect as a probe?
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Q1. SOC Materials
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Q1.S0OC Materials: Tl sensing layer

i Metals and alloys
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Q2. Nanostructuring

e Real spintronic devices:

' - magnetic random access memory

- spin-torque nanooscillators and
spin-torque diodes

- racetrack memory

- spintronic neuromorphic devices
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Experiment: Samples fabrication
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pattern by PL

AZ6112

Py (4 nm)
11 (25 nm)
Sapphire

Py (4 nm) . . ,

TI (25 nm) Spin coating maN2405 & ® R @
Sapphire Espacer SE " 30-Apr-17 000000 WD' 7.0mm 30.0kV x50k

Py (4 nm) The image of dots in 200 nm

TI (25 nm) R / Bl diameter and lum pitch via
Sapphire SEM

Etch via 1on-milling

: Center to
Samples' structure Diameter(n center(u Area of dots Piece(s)
m) i) array
A TI (25 nm )/ Py(4 nm ) / Ta(l 200 1
nm) 1 0.5mm*Imm
B Dots array 400 1
C TI (25 nm )/ Py(10 nm ) / Ta(1l 200 1
nm) 1 0.5mm*Imm
D Dots array 400 1 SE  30-Apr-17
TI (25 nm )/ Py(4 nm ) / Ta(1l
E nm) : The image of dots in 400 nm
Sheet film d . d ] . h .
B T BT lameter anad lum piicn via
F nm) 2 SEM
Sheet film




Experiment: FMR spin-pumping

Z

D )

B

TE102 microwave cavity

H,. = 0.44 Oe (X-band- 50 mW, 9.8 GHz )
H,,.=(500-2500)0e




Experiment: FMR spin-pumping
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The magnetization dynamics is investigated
using numerical integration of the Landau-Lifshitz-Gilbert
Dynamics (LLG) with additional spin-transfer term:
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FMR spin-pumping modeling

Direct task: magnetization dynamics
excited by j.:

om
azmx(mxjs)

- a;mXj,

om = a;mxXj.+ a,mx(mxj,)
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Basement for
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Inverse task: j. excited by
magnetization dynamics:
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FMR spin-pumping modeling

Spin current in ferromagnet-normal metal (and bulk TI) systems

1 h \
geff M [x

(js)z o=e,
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K. Chen and 5. Zhang, Phys. Rev. Lett. 114, 126602 (2015)
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FMR spin-pumping modeling
Spin-mixing constant

P200/BS P400/BS Sheet film
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Inside TI the spin current decays exponentially! Spin-diffusion
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FMR spin-pumping modeling

ISHE voltage
V = <]c> RtB’iQS€3Dn

Spin Hall angle
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ISHE capturing the vortex dynamics
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Magnetic Vortex Dynamics
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Magnetic Vortex Dynamics
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Spin-pumping from magnetic vortex
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Spin-pumping from magnetic vortex

Distribution of generated spin current density during Distribution of the ISHE-generated charge current density

vortex dynamics: during vortex dynamics:

Average over the oscillations period of
generated spin current with regard to spin
polarization (arrows) and absolute value
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Spin-pumping from magnetic vortex

Distribution of spin current inside the bulk of T| x-polarized component of
spin current in, T1:
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Spin-pumping from magnetic vortex

We calculate the distribution of the potential from integrating the known distribution of
electromotive force.
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Conclusions

Two cases of magnetization dynamics analysis via Tl ISHE were considered,
both experimentally and theoretically.

Our results suggest that ISHE probing through Tl sensing layer is a
prospective tool to electrically detect fast magnetization dynamics.

The outlook is to extend this method for ultrafast magnetization
dynamics.
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