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Overview

• Light propagation in bulk materials

• Interference in thin films

• Optical simulation of alkali antimonide photocathodes

• Experimental signatures of interference photocathodes
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Motivation: alkali antimonides are thin films

• Absorbed energy determines initial 
spatial electron distribution 

• When is a cathode effectively infinitely 
thick? 

• Can we optimize film thickness?
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Light absorption in thick materials

• Absorption is fixed: A=1-R

• Energy inside material decays 
exponentially (Lambert-Beer Law)

• Decay rate determined by refractive 
index and light wavelength
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Multiple reflections change absorption in thin films

• Multiple reflections are possible in thin 
materials

• Effect of multiple reflections increases 
as films become thinner

• Analytical solution assuming infinite 
reflections
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Destructive interferences enhance absorption

• Use destructive interferences to 
enhance absorption in the thin film

• Similar principle to antireflective 
coatings 
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Substrate choice substantially changes absorption 
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High enhancement for reflective substrates

• Thin cathodes show substantial absorption enhancement

• Enhancement can occur with a variety of materials (not just metals)
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Thin films: higher energy density, non-exponential 
decay

Peak intensity is not always at vacuum-cathode interface
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Interferences with non-normal incidence angle

• Reflection coefficients are angle dependent

• Twice as many terms, since s and p light have 
different reflection coefficients

• Harder to optimize cathodes in reflection mode
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Interference cathodes especially sensitive to 
roughness

• Roughness can reduce intensity of 
interference peaks

• Thin films show stronger optical 
response to roughness
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QE ratios: a robust way to compare different 
substrates
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Experimental data shows QE enhancement of Ag 
substrates

• Enhancement in experimental data

• Comparison to model in progress
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Conclusions

• Thin cathodes have a very different optical response than infinitely thick materials

• Interferences can substantially increase QE of thin cathodes

• Model is simple with most effects unmodeled, including DOS quantization of very 
thin films, probabilistic scattering, emittance, time response
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