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Fig. 1. Optical resonance enhanced Ag nano-structured photocathode: (a) Spicer’s three-step model of photoemission; (b) illustra-

tion of the Ag nano-structured photocathode; (c) illustration of the Ag film photocathode; (d) cross-section of the FDTD setup used

for simulating the optical properties of the Ag nanoparticles on ITO substrate.
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Fig. 2. Fabrication and activation process of the Ag nanosphere photocathode: (a) Schematics of the fabrication process for Ag

nanosphere photocathode; (b) SEM image of the Ag film; (¢) SEM image of the Ag nanosphere; (d) surface Cs activation process of

the Ag nanosphere.
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Fig. 3. Mie resonance characteristics of Ag nanospheres: (a) Light scattering, absorption and extinction efficiency (Qsca, abs, ext) SPEC-

tra of the Ag nanosphere (D = 120 nm) in air and on substrates; (b) and (c) are the normalized magnetic field intensity (|H]?, col-

or) and lines (white lines) in vertical crosscuts through the center of the Ag nanosphere in air and on Ag/ITO substrate with the

electric dipole resonance wavelength of 439 and 505 nm, respectively; (d) the normalized magnetic field intensity (|H]?, color) and

lines (white lines) in vertical crosscuts through the center of the Ag nanosphere with the electric quadrupole resonance wavelength

of 350 nm.
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Fig. 4. n, spectra of the square arranged Ag nanosphere array on Ag/ITO substrate: (a) Dependence of 1, spectra upon D when P =

400 nm; (b) dependence of 7, spectra upon P when D = 120 nm.
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Fig. 5. Light absorption spectrums of the Ag nanosphere array and Ag film: (a) Measured results. (b) simulated results.
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Abstract

Metallic photocathodes have drawn attention due to their outstanding performances of ultrafast
photoelectric response and long operational lifetime. However, due to their high work function and the large
number of scattering events, metallic photocathodes typically are driven by ultraviolet laser pulses and
characterized by low intrinsic quantum efficiency (QE). In this work, a new type of Mie-type silver (Ag) nano-
sphere resonant structure fabricated on an Ag/ITO composite substrate is used to enhance the photocathode
QE, where Mie scattering resonance is used to enhance the local density of optical state and then to improve
the light absorption and electron transporting efficiency in Ag nano-spheres. The cesium (Cs) activation layer is
also used to lower the electron work function and then to excite photoemission in the visible waveband for Ag
photocathode. The optical characteristics of Ag nano-sphere arrays are analyzed by using finite difference time
domain method. For the investigated Ag nano-sphere array, theoretical results show that Mie-type electric
dipole resonance modes can be obtained over the 400-600 nm waveband by adjusting the sphere diameter, and
the large resonance-enhanced absorption can be achieved in nanospheres at the resonance wavelength. The Ag
nano-spheres are fabricated on the Ag/ITO substrate by magnetron sputtering and annealing process, then the
Cs activation layer is deposited on surface, and finally QE is measured in an ultra-high vacuum test apparatus.
Experimental results show that over 0.35% of QE is obtained for Ag nano-sphere particle (with a diameter of
150 nm) at a wavelength of 425 nm, and the wavelength positions of QE maxima are in agreement with Mie
resonance for corresponding geometry predicted from the computational model. Given these unique
optoelectronic properties, Ag nanophotonic resonance structured photocathodes represent a very promising

alternative to photocathodes with flat surfaces that are widely used in many applications today.

Keywords: optical-resonance, Ag-nanospheres, photocathode

PACS: 85.60.Ha, 29.25.Bx, 78.67.Bf DOI: 10.7498/aps.69.20191420

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61204071, 11875012, 61661002) and the
Opening Foundation of Engineering Research Center of New Energy Technology of Jiangxi Province, China (Grant No.
JXNE2018-05).

1 Corresponding author. E-mail: jjzou@ecit.cn

068501-9


http://dx.doi.org/10.7498/aps.69.20191420
mailto:jjzou@ecit.cn
mailto:jjzou@ecit.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

