Happy Birthday Ivan

You are now closer
to 70!



My Dbrief history with Ivan

1986: | was a graduate student at UCSD, without a thesis advisor
and not sure what | was going to do.

Decided to talk to a new professor: Ivan Schuller

Ol &dm too damn busy, talk to me next

We met next week and he explained a possible project:

A Ag/Co superlattices : Interest for perpendicular transport
A oMy lab is in Argonne so you will have to move there and then bring
the | ab back to UCSD. o

However, there was a test.

o | need to know today! o



My Dbrief history with Ivan
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Also got toworkin Prof. Br uy n s e rLabe d e {(aka Prince Hiradi )

Also got to work with a great number of people:

M. Grimsditch , W. M. Robertson, H. Vanderstraeten , J.P. Locquet, D.
Neerinck , K. Temst, O. Nakamura, J. Guimpel, J. Santamaria, D. Kelly,

T . Mor an, A. Fernandez, W. Hal e, S.
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Spin transfer torgues in heterostructures

B G
g B
P m
Angular momentum conservation ¥ :dl—e
C spin transfer torques mdt

J. Slonczewski, J. Magn. Magn. Mater.

159, L1 (1996)
L. Berger, Phys. Rev. B 54, 9353 (1996)

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



Spin torqgue dynamics (LLG)

Field torque Damping torque
(precession) (dissipation )




Spin torqgue dynamics (LLG)

dm
dt +

Field torque Damping torque
(precession) (dissipation )

Spin torque
(negative friction )

J. Slonczewski, J. Magn. Magn. Mater. 159, L1 (1996)
L. Berger, Phys. Rev. B 54, 9353 (1996)




Energy landscape

In -plane devices
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Stablility analysis of the LLG equations

out- of - plane magnetization
(Hea >4 pMy)
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Nanoplillars 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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Field switching in 50x100nm

2 nanopillars
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dv/dl (Ohms)

dv/dl (Ohms)

Current induced switching in 50x100nm < nanopillars
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| ., VS. Energy barrier



| . vs. Energy barrier
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Minimum Energy

urrent
= critical current to
counter damping
A = dynamics parameter

1/t = A(| LY CO) ’I[:: reversal time
|



Minimum Energy

Ut =A( 31 14y
128

2.5
T (NS)

D. B. Bedau and A Kent, NYU
Appl. Phys. Lett . 96, 022514 (2010).



Minimum Energy

Energy (J)

-Short times I ~1/7
-Long times [ ~ constant

E =I°Rr Ut =A( 81 )

Switching energy versus pulse duration
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Minimum Energy

-Short times I ~1/7
-Long times [ ~ constant

E =I°Rr Ut =A( 81 )

Switching energy versus pulse duration
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Athere is a minimum energy pulse, ~0.8 ns with an energy of ~ 100 f J

Bedau et al. APL 96, 022514 (2010)
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Conclusions

A Magneto- crystalline anisotropies -can be used-to tailor the
enerqy landscape =offective field =~ ~spin=arque reversal

A Perpendicular system ., scales with E

A Minimum switching - energy =21 .,

A Corresponds to-100 " fJ for 0.8 ns switehing
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Final thanks
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0 Mygood fortune started even as graduate  student where | had
the opportunity to  work with a new professor at San Diego, Ivan
Schuller. This was a fortuitous choice. He has mentored my
career ever since and introduced me to the ideas of building

materials by atomic layers that is the basis of much of the
research thatl dotoday . 0O



