/ — p— N ——

NC_C K 1

APPLIED CATHODE ENH. CEME| NI
ESS TECHNOLO

UC San Diego o TR T A

Interference Cathodes for Enhanced Quantum Efficiency

Anna Alexander, Vitaly Pavlenko, Fangze Liu, John Smedley,
Prabhakar Bandaru, Nathan Moody

10/16/18



Overview AN @K \gcr«( i

APPLIED CATHODE ENHANCEMENT AND
FlDBLISTNESS TECHNOLOGIES

UC San Diego

* Light propagation in bulk materials

* Interference in thin films

* Optical simulation of alkali antimonide photocathodes
* Experimental signatures of interference photocathodes
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UC San Diego Light absorption in thick materials el

e Absorption is fixed: A=1-R Vacuum Photocathode

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

* Decay rate determined by refractive /
. : R
index and light wavelength

a(z) = IOe_Z/AOpt Aopt = Ao/ (41ik)

A= fa(z) dz



UC San Diego Multiple reflections change absorption in thin films Z)&SEES

* Multiple reflections are possible in thin

materials Vacuum Photocathode Substrate

e Effect of multiple reflections increases

as films become thinner /
e >

* Analytical solution assuming infinite <
reflections
>
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Vacuum Photocathode Substrate

e Use destructive interferences to
enhance absorption in the thin film

* Similar principle to antireflective
coatings
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Vacuum Photocathode Substrate

At1>sorption of K2CsSb with different substrates
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High enhancement for reflective substrates
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Absorption Enhancement of K2CsSh
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* Thin cathodes show substantial absorption enhancement

Vacuum Cathode Substrate
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 Enhancement can occur with a variety of materials (not just metals)



Thin films: higher energy density, non-exponential
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Peak intensity is not always at vacuum-cathode interface
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Vacuum Photocathode Substrate
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* Reflection coefficients are angle dependent >
 Twice as many terms, since s and p light have
different reflection coefficients p h >

* Harder to optimize cathodes in reflection mode 7 >



Interference cathodes especially sensitive to
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* 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
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QE= [ [ Absorption = Transport * Transmission dVdE
three-step model

_Z
QEl f Cl(Z )1 * € /;Lesc dZ E A excitation travel transmission
E, - = mkk SR Tm
QE> [a(z), xe [desc dz
Relative QE, K2CsSb E 1w_h W\!_
T T T T T T T T '
107 : ! : . A=532nm |
B o8f i1l @ ® ®
o l H H H H Electron 4 Electron
D 671 H | T hv Transport?] Transmission
a H I 1 - l B l 1
< 4 11 l 1%%
g 10
2 ! T P N .
E $$$éééé%%%¥¢$¢$¥$$$;£ E W
Optical
10 20 30 40 50 60 70 80 Absorption

cathode thickness (nm) U

12



Experimental data shows QE enhancement of Ag NCEFST.
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* Enhancement in experimental data
 Comparison to model in progress

QE of Cs3Sb on Ag vs Si
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* 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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