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YouTube scientific videos on our findings:
https://www.youtube.com/watch?v=S4krKYGUopg&feature=youtu.be
https://www.youtube.com/watch?v=rkusTl_4500
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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

Bridging the technology gap

Current status & problem Our idea
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Why 2D materlals & our team expertise
2D materials Bialkali /~ |Theory

(U.S.) \/— (Japan) —\ | (U.S.)

Evaporation sources

Discovered Geometric pore 0.64 A \ QE (%)
in 2004 |
Bond length
= S (C.C) 142 A
0.4 mm <
van der Waals radius K.CsSb/Gr in K,CsSb/Mo in [\ B s
of carbon atom 1.10 Ay Vgcuum tut;e \cuum chambe/ (Japan)

Bialkali in vacuum
Impermeable to gases o tubes (U.S.) \

Allows electron transmission
High material stability
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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

15 20 F.Liu, N.A.Moody et al. Appl. Phys. Lett. (2017)
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Milestone #1: Demonstration of material compatibility
between 2D materlals and bialkali photocathodes
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== K,CsSb/hBN In collaboration with M.Gaowei
Fit (BNL) & J.Smedley (SLAC)

* High crystallinity achieved
on 2D material (XRD)
. Nearly ideal stoichiometry
85CS10gSb achieved
on 2I5 materlal (XRF)
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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

Coating of surfaces with micro-scale
roughness (e.g. rolled stainless steel)

2D material

Special recognition Market
Disruptor - Products

Coated




Milestone #2: QE maps of K,CsSb through graphene coating

@E_NERGY - Quantum efficiency (%) map through graphene
Office of Science —> 2-layer Gr, 3eV (405 nm)
. .- E a2 " 0.25
y \ X
% i B < - 0.20
<€—hv » = g S a |
- | v . |to0.15
Photocathod e _ v oz
atorio —sfll —> * )
7.5um ~F 9 & - a 0.05

Graphene

substrate Mesh grid

2-layer Gr, 4.4 eV (280 nm) 3-layer Gr, 3eV (405 nm)
=3’ ’ i 0.25

e 5 I 0.6
. . . - LY
First demonstration of - 0.20

QE from bialkali '3 04 | o1

photocathodes through 0.3 -

graphene coating 0o Io_m
““‘_- 0.1 0.05

1% Los Alamos
~a=" NATIONAL LABORATORY F.Liu, N.A.Moody, H.Yamaguchi et al. ACS Appl. Mater. Inter. (2022)




Quantum efficiency (%)
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Spectral QE of K,CsSb photocathodes
through graphene coating
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Graphene layer dependence of QE from K,CsSb
photocathodes through graphene coating

QE map through graphene  Hjgh resolution maps @ 2.33 eV (532 nm)
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Effect of graphene on emittance of metal photocathode

In collaboration with S.Karkare

(ASU)
Gr coating
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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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 Test hexagonal boron

nitride (hBN) instead of
graphene

BN monolayer
- = IBN bi_layer
| - - - 1BN trilayer * Our theory predicts

higher QE than graphene
while maintaining
protection performance



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 protection of Cu photocathodes while maintaining MTE

» No MTE increase due to graphene
» Thermal limit MTE maintained for several weeks

* In progress/future: 2D materials beyond graphene
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