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Percolation
Percolation is central to the growth of ultrathin films

Isolated Clusters Linked clusters

more
deposition

H. J. Elmers et al., PRL 73, 898 (1994).

Point-like, 1D Plane-like, 2D

Percolation occurs when the first cluster spans the sample
More generally, percolation
* denotes the onset of long-range connectivity
* long-range order and transport properties



2D magnetism and percolation

The clusters are islands of Fe on a W(110) substrate.

Each island is ferromagnetic, but the direction of each island’s
moment is random because they are not connected by coupling J.

Mesoscopic “paramagnetic” Connected macroscopic
Ising moments
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2D magnetism and percolation

There is an interplay between the percolation and
thermal magnetic transitions
Thicker films are more robustly coupled against thermal fluctuations.
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Measuring 2D magnetism
ac magnetic susceptibility via MOKE
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Susceptibility (nrad/Oeg)

2D magnetic transitions
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2D magnetic transitions
Cross over in peak width

Narrow peak widths in ML.
Limit of a percolation transition
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Narrow peaks width in Kelvin.
Limit of a thermal transition
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2D magnetism and percolation

Percolation phase line
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Critical exponent for T=0 percolation y,
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Susceptibiity (" 1d/Oe)

Location of transition t™(T)
Max{Re ¥} < t" < Max{lm y}

Finite size effects shift peak from t*
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Bounds on vy,
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Summary

Percolation in 2D can be studied as it occurs by measuring %(0)
as an ultrathin film grows.

Fe/W(110) shows a 2D second order percolation transition of a
2D Ising system

a. narrow peak in the susceptibility x(0)

b. quantitative shape of transition line p™(T)

Critical exponent y_=2.39+0.04. (Theoryy =43/18 = 2.388...)
Vp Vp

New avenue for understanding percolation
a. dynamics
b. other universality classes



Ultrathin magnetic films

Atoms are evaporated from a heated rod of pure metal,
pass through apertures to define a beam that is aimed

at the substrate.
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The deposition rate is monitored using
the ion current (nA) on the last aperture.
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Ultrathin magnetic films

Film thickness calibration
deposit atoms at a controlled aperture current (flux)
measure substrate core electrons emitted when

substrate is bombarded by a keV beam of electrons
find the attenuation of the substrate signal
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End of scaling: finite ®

Dynamic scaling states that the

paramagnetic response slows near t’
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