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YouTube scientific videos on our findings:
https://www.youtube.com/watch?v=S4krKYGUopg&feature=youtu.be
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Addressing decadal R&D priority for cathodes
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The problem: Performance-Lifetime limitation
Our innovation: Decouple the limitation by 2D materials

Current status & problem

Efficiency vs. Effective Lifetime in photoinjector environment
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Bridging the technology gap

“Cook-and-
ok” approach
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Present approaches do not depart from
historical methods
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LANL internal project to DOE funded project

2D materials Bialkali
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* Good anti-corrosion property

« High stability

* Minimal alteration of protecting
material surfaces
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Quantum efficiency

Experimental demonstration of our concept

on metal photocathodes
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» Successful electron
transmission through
graphene

8 orders of magnitude
improvement in
operating pressure
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Milestone #1: Demonstration of material compatibility
between 2D materlals and bialkali photocathodes
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High spatial resolution maps with high QE and uniformity
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Recognition of our work: R&D 100 Award in 2019
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roughness (e.g. rolled stainless steel)
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Milestone #2: QE maps of K,CsSb through graphene coating

© ENERGY 17 Quantum efficiency (%) map through graphene
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Spectral QE of K,CsSb photocathodes
through graphene coating

QE through graphene coating
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Graphene layer dependence of QE from K,CsSb
photocathodes through graphene coating

QE map through graphene
@ 4.4 eV (280 nm)
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« Our resultis 5 % electron
transmission through 2 layer
graphene @ ~5 eV (left graph)

« Theory predicts ~50 % (left
graph) — room for material
quality & process improvements

Electron transmission efficiency through graphene



Unexpected finding #1: Graphene as reusable substrate
for bialkli photocathodes
+
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Unexpected finding #2: QE enhancement of bialkali
photocathodes by coating metal substrates with graphene
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In progress/future plan - 2D material beyond graphene

Theorical prediction by our team
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Summary

» Graphene protection of photocathode demonstrated on Cu
» No degradation of photocurrent due to graphene
» Protects against pressure up to 200 Torr
» High quality bialkali photocathodes on free-standing graphene substrates
» QE approaching 17 %
» 0.5 um spatial resolution QE map achieved
* QE from alkali photocathodes through graphene
» ~0.6 % @ 280 nm (4.4 eV) for 2 layers
» Clear dependence on number of graphene layers
» Graphene as reusable substrate
» No QE degradation after reuse
» No photocathode residue detected by XPS
» Graphene as QE enhancer
» Photocathode QE enhanced simply by coating substrate surfaces with graphene

* In progress/future: 2D materials beyond graphene
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YouTube scientific videos on our findings
https://www.youtube.com/watch?v=S4krKYGUopg&feature=youtu.be
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