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The development of superconducting photocathodes
Is presented which explores ultra-thin film coatings to
enhance the quantum efficiency (QE) of Nb above its

bulk value of < 106, while retaining low RF losses. + Nb plug cathode =

Major goal is coatings that are robust in air. » Mechanical polish BT collector
» UHV anneal 600C
e |nsitu Mg deposition AWA Test Gun 1.3 GHz up to 100 MV/m
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1.) Deposition of a 10nm layer of Mg (bulk work
function = 3.66 eV) onto Nb foils (or bulk plugs) after UV LED Wavelengths Photon Power

UHV anneal. Tunneling measurements on similar foils 245 nm T mW
reveals the superconducting gap close to bulk Nb. 260 nm 30 mW
Utilize ideal Mg oxide layer for metal nanoparticles.

9 4 P 285 nm 40 mW

2.) Deposition of ultra thin islands of In (4nm thick) on
top of Nb/Mg/(Mg oxide). Overall enhancements of

QE by up to 400 times are found. We attribute this L el - |
enhancement to UV plasmonic effects where the T et e gl ot Erinesemein, [ [l e

stored EM fields in the isolated In islands couple to DA T to surtace roughness (field emilters) All S les E d to A
surface electrons. Such cathodes are robust in air. Fig. 3 Dark Charge vs E field for various amples Exposed to Air
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: Coatings. Indium islands (~ 40 A thick) on Mg oxide show
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Mg oxide is an ideal insulating tunnel barrier. This et " )
allows surface metal nanoparticles to be isolated s ceszmne e
but also allows weak electron transfer to replenish Zeo- —
electrons removed by photoemission S . -
Conclusions and Future Work
Work Function and QE of Nb/Mg 20-
Kelvin Probe Measurements N * QE of Nb/Mg is enhanced by factor of 10-20
200 400 600 80 1000 '
Mg Film QE Work  Function aveiength (nm) after air equgure. | |
Thickness (eV) * Vapor deposition of In (4 nm thick) onto air-
(nm) Figure 6 Optical reflectance peak is plasmon exposed Nb/Mg leads to QE up to 4 X 10
0 Ix 10 4.1 resonance. Reproducible resonance in UV range for * Robust in air
_ 1 = <. -5 : . . . 0 . . .
10 Lox 105 381 nominal films thickness of 40 A. * Proof of principal for plasmonic enhancement
| 00 w1 } . . |
100 2O x10 il  Future: Lithographic UV Plasmonic Array
Mg thin films on Nb approach bulk Work Function e 2 22 //
of Mg (3.66 eV). | ¢ & e Contact Information
nanodisks e & 0 &
QE increased by 10-20 over bulk Nb (see Fig. 7) e 6 & 8 John Zasadzinski  zasadzinski@iit.edu




