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GMR Allows Mangetic-Field Sensing
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Magnetic Recording
• Three core magnetic components

– media
– writer
– reader

• All require nanoscale
engineering today

Ed Grochowski

> 1 Gbyte 
hard drive

















Spin-Transfer-Driven Magnetic Reversal
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How fast is spin-transfer-driven switching?

Sampling 
Oscilloscope

Step Generator
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Switching time < 1 ns at high pulse amplitude Krivorotov et al.  

Measure time dependent response of 
nanopillar resistance to step pulse.
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Precession begins
New mode of large amplitude motion

State with small microwave power emission.

( Co/Cu/Co, room temp.)

Evolution of Dynamical Modes

S.I. Kiselev, J.C. Sankey, et al. 
Nature 425, 380 (2003)
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J. C. Sankey et al., submitted to Phys. Rev. Lett. 



H = 625 Oe Vpulse = 240 mV

Dephasing time ≥ 50 nsec, hundreds of oscillations can be observed

~1 nsec required to establish a steady precession state (~ 4 oscillation periods)

Precession in Time-Domain Measurements



Overall Phase
Diagram

P = parallel
AP = antiparallel
S = small-angle precession
L = large amplitude signal
W = small microwave signal,
       not P or AP

mwave power                          dV/dI

(sample 2)



Comparing to Single-Domain LLG Simulations

room T 
simulations

We see generally good agreement between the measured stability diagram and 
predictions from single-domain simulations, with some differences at large currents.

Spatially non-uniform states?

from room T experiment



Potential Applications
Magnetic Random Access Memory
•Spin transfer gives stronger torques per unit current than for
magnetic fields,in devices smaller than about 250 nm.
•Spin transfer gives short-range forces.  No “half-current”
problem.
•Excellent scaling to small sizes
•Spin-transfer may allow simpler device geometries.
•Manufacturing tolerances are less critical

Signal Processing with Precessing Nanomagnets
•nm-scale microwave sources, tunable with H and/or I
•Frequency-tunable oscillators, mixers, amplifiers, filters








