




Nano-Magnetics Lecture Topics,  Dan Ralph
(but I probably won’t cover everything)

A. Torques on Magnets from Spin-Polarized Currents
(A new way to manipulate magnets without magnetic fields)
“Taking a spin with Newton’s 3rd Law”

B.  Magnetic Wires and Point Contacts
ß Domain walls and resistance
ß Spectroscopy with point contacts
ß “Ballistic Magnetoresistance”?
ß Manipulating single domain walls

C.  Coulomb Blockade and Tunneling in Small Magnets
ß The electrochemical potential can depend on magnetic field
ß Effects of electron interactions
ß Surface Effects
ß Quantized States in Magnetic Quantum Dots
ß Probing Individual Magnetic Molecules
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Switching at Room Temperature Displays Randomness
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P(t) = distribution of switching
times at a fixed current

-Distributions fit well to
exponential decay P(t) = e-t/t

Room Temp.
m0H = 5 mT

-Switching times strongly 
current-dependent
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Distributions in Critical Currents
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-Histogram of switching currents shows
 distinct distribution
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Temperature
dependence
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Precession begins
New mode of large amplitude motion

State with small microwave power emission.

Dynamics at 2000 Gauss
(sample 1)



Magnetic-Field and Current Dependence of Precessional Resonance

Peak frequency is consistent with Kittel formula.

4pM = 8.0 ± 0.5 kOe
H0 ~ 1.18 ± 0.04 Oe

from preliminary fit:
  
f =

g
2p

H + H0( ) H + H0 + 4pM( )

Signal from precessional resonance
grows with current, but then the
dynamics switch to a different regime
beyond 2.4 mA.

Minimum detectable precession angle
is about 10 degrees.

(sample 1)



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

simulated stability diagram (T=0)        from the experimental data (room T)

I/Ic
Signal size in the large-amplitude regime and the dependence of frequency
on current are consistent with large-angle in-plane precession.
State W is not predicted by single-domain simulation.  Dynamical instability to
a non-uniform state?








