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Spin transfer torques Iin high anisotropy
magnetic nanostructures

« Motivation
e Co/NiI multilayers

e 2 layer results (1-1)

e switching currents

e angular dependence (SW astroid)
e Conclusions



Spin transfer torques in heterostructures

p m
Angular momentum conservation r - dI—e
=» spin transfer torques m dt

see J. Magn. Magn. Mater. 320 (2008)
articles on spin torque edited
by M. Stiles and D. Ralph




Spin torque dynamics (LLG)
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Spin transfer torque nanotechnologies
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Perpendicular anisotropy devices

Less sensitive to structure/lithography
Higher thermal stability

More efficient reversal <=

Higher frequency oscillations

Narrow domain walls

New functionality

e-

Mangin et al.,
Nature Mater. 5, 210 (2006)

Burrowes et al., APL 93, 172513 (2008).
Mihai et al, Nature Phys. (in press)



Stability analysis of the LLG equations
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. in-plane magnetization
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Demagnetization field suppresses
out-of-plane precessions

|
|Cz(2hej3'2’6'f)\;w+ H,, +27M,)

H: in-plane applied fied, Hy;,: dipole field, H,,, in-plane anisotropy field

Stability U, = MsVH,,, / 2

Critical current must overcome 2zMs ~ 5-10 kOe



Stability analysis of the LLG equations

out-of-plane magnetization

(H¢, > 4nMg)

HK,eff
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H,, out of plane anisotropy field

Uy = (M SVHK,eff )/2



Stability analysis of the LLG equations

out-of-plane magnetization
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‘ Critical current directly proportional to thermal stability

More efficient reversal assuming low « and high p



Magnetic layers

Films grown on 5 inch Si wafers by e-beam and sputtering

(111) - Co(1A)/Ni(6A)
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RHEED Intensity (a.u)

co/Ni multilayers
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Nanopillars fabrication

- Use of negative HSQ resist as a high fidelity mask
-~1000 devices/5 inch wafer: circles and hexagons from 45nm to 1500nm
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dv/dl (Ohms)

Field switching in 50x100nn¥ nanopillars
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Current induced switching in 50x100nm¥ nanopillars
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Lower anisotropy free layer

45 nm circle

H, ~ 400 Oe
H, ~ 800 Oe

6x10% A/cm?
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Critical currenits
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Mangin et al., Appl. Phys. Lett. 94, 012502 (2009)
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AF-coupled pinned layer
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AF-coupled pinned layer
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Stoner-Wohlfarth astroid
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Angle-dependent field switching
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Comparlson theory- experlment
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Comparlson theory- experlment
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Angular dependence of the spin torque

Current has large effect H 7/ H,
Threshold current for H / H,

Ionsetoca‘H eff‘

on the SW astroid
| Here| = Hy SiNZ(6y)

180

Y. Henry et al., Phys. Rev. B, 79, 214422 (2009).



Analytic solution

Jp—
-
-

Equilibrium conditions: magnetization m parallel to H

Stability condition: total ““damping” positive

Linear stability analysis in the small current limit (2D problem)
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Y. Henry et al., Phys. Rev. B, 79, 214422 (2009).
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Analytic expression for the astroid
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Conclusions

= Demonstration of efficient spin transfer in
Nano-pillars with perpendicular anisotropy

1. scales with thermal stability
(Co/Ni multilayers: higher p and lower a compared to Co/Pt)

> Role of current on the SW astroid.
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