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Unpolarized photocathodes for ERL
facilities
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Fig. 6.1: Electron energy F vs. electron source current / for classes of past, present and possible
future ERL facilities as are introduced in the text. Dashed diagonal lines represent constant power,
PkW] = E[MeV]- I[mA].
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Current state-of-the-art/practice: alkali
antimonide photocathode
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High Current Performance of K-Cs-Sb
Photocathode in LEReC DC gun
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Stable high current operation
2018~2019
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High Current Performance of K-Cs-Sb
Photocathode in LEReC DC gun
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Cathode R&D: Material
development




Cathode Material development @ BNL
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Epitaxial growth of alkali photocathode:
Scientific bases S

27.7nm 1001 Grain size (222)
[ -) . 20.2nm
4 | = (400) > sl

g a‘ L _/-"b‘ | A J\ (111) (ZZO)JL
o ‘ ‘ od P ‘ = ; ° % 10 15 20 25 30 010 15 20 25 30

20 26

K,CsSb unit cell XRD: Camera 2

L006

[$)]
o

Intensity (a. u.)
Intensity (a. u.)
3

o
, S
—

K,CsSb, Cs;Sb: Sequential
b.c.c. crystal 3C-SiC: f.c.c. crystal

structure structure <

Lattice parameter: Lattice parameter: 4.35 A £

8.615A,9.18 A

L}\Brookhaven' BRI
National Laboratory 20 30 40 50 9

2 theta (°)




Epitaxial growth of alkali photocathode

RHEED: Cs,Sb/3C-SiC
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A reflection high energy electron diffraction (RHEED)
system is a standard in-situ diagnostic that is mainly
sensitive to the film surface structure, can provide
gualitative information on the growth mode such as island

nucleation, texture and crystallinity.
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Epitaxial growth of alkali photocathode
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Epitaxial growth of alkali photocathode

Cs4Sh: 4H-SiC Cs,Te: Gr/Si vs Gr/Cu (100)
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Cathode R&D: protective
layer on alkall antimonide




Cs Intercalation of Graphene:
2D protective layer on alkali antimonide

It is a very tempting idea and is supported by various theoretical work. DFT simulations indicate that
monolayer of hBN can reduce the workfunction of Cs3Sb.

e C .
hv ///%
‘11\ O, CO, CO H,O %
‘ WF = 2.97351 eV
4_ \ Cs,Sb
o , :

WSR2 R8® coating layer : : /
< “ ——L ' ‘ 1 25 /i 2 /
7 1 Y( ' L“(J 0 10 20 30 40 50

N R ':",,7;, == Distance (Ang. )

; ~ i

ne BN
Work 3.24136 eV 4.05628 eV 2.97351eV

G.Wang et al. Nature Partner Journal 2D Mater. Appl.(2018) Credit : Work performed by Shashi Poddar,
and Ao Liu from at Euclid Techlabs.

photocathodes

k? Brookhaven
National Laboratory 14




Cs Intercalation of Graphene

The mechanism of Cs intercalation through monolayer graphene

Petrovié, M., Srut Rakié, |., Runte, S. et al. The mechanism of
caesium intercalation of graphene. Nat Commun 4, 2772
(2013). https://doi.org/10.1038/ncomms3772
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Cs Intercalation of Graphene:
Experimental details
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Cs Intercalation of Graphene:
Sb desorption under high heat
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Cs Intercalation of Graphene:
Chemical and structural evolution
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Cs Intercalation of Graphene:
Quantum efficiency
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Summary

K

Attaining high quantum yield, low emittance, and long lifetime from an
alkali antimonide photocathode has remained a sustained focus in recent
years, due especially to the need for electron beams of high average
current for ERL-based electron cooling systems, synchrontron radiation
sources, electron ion colliders and other applications.

At BNL, efforts are made to improve the crytallinity of the alkali based
photocathode material to achieve high quantum efficiency.

Progress is made Iin the development of the 2D material encapsulated
alkali antimonide photocathodes.
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