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Quantitative models of electron field emission from surface
microstructure

CIArcs initiate via surface field emission

CIGeneral physics captured in Fowler-Nordheim equation

UMicroscopic details are all captured in a empirical correction factors

UMicroscale details key to arc initiation — e.g. emission hot spots at asperities
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Empirical Fowler-Nordheim emission

A 112 E2
j = exp

• Current density J ( E, 0, A, 18)
• E field
• work function
• Empirical fitting parameters: A, ps
• 16 varies from 10-1000 inside exponential

0Motivation tune models to connect surface physical structure to local emission
properties, e.g. compute real (3 for given surface topography, test vs experiment

OThis talk: In polycrystalline films with varying tilts local work function is varies with atomic
step density at surface
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Model thin films with topography & structural disorder

3 Polycrystalline Pt thin film via sputter deposition

Preferred 111 oriented grains —few-hundred nm size
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Bulk grain structure - cross-sectional TEM
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Work function spatial variation — Photo-emission electron microscopy

Photoemission threshold measures distribution of work functions 5.7±0.1 eV

PES threshold (eV)
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Plausible model for variations in work function via surface tilts
5 1

ClAtomic step densities vary across surface owing to local grain tilt, surface slope
CISteps modify local work function owing to step-dipole (Besocke, Park ref)

Grain structure Local step density variation

1000 nm.41111 1 60nm  

CISteps modify local work function owing to step-dipole (Besocke, Park)
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Fig. S. Relative woil; Pamlico -change verws sitp density for Pt and Au surfaces with 010}
terraces and steps parallel to the 1 direction.

K. Besocke, B. Krahl-Urban, and H. Wagner, Surf. Sci 68, (1977) Park et al. PRL 95, 136802 (2005)



In-progress local worlc function versus surface structure
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Using Besocke data, map local tilt & slope distributions to a work function

Slope map (AFM)
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Workfunction deviation from slope
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Expect Phi
sags by
- 0.3 eV

6.1eV 4 5.8eV

Similar to the 5.7eV
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7  Summary

Local nanoscale work function expectation value and variations on polycrystalline Pt
estimated reasonably via model accounting for atomic tilts and related step dipoles
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