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Abstract

In order to enhance the quantum efficiencies of negative electron affinity (NEA) GaN photocathodes, gradient-doping
reflection-mode GaN photocathodes are grown by metal organic chemical vapor deposition ( MOCVD ) at doping
concentrations of 1 x 10®em ™, 4 x 10" em ™, 2 x 107 e¢m " and 6 x 10" ¢cm ™ from the body to the surface, with the
thickness of each doping region being about 45nm and the total thickness of GaN 180 nm. The gradient-doping GaN
photocathodes are activated in an ultra-high vacuum system and are compared with two kinds of uniform-doping GaN
photocathodes whose thicknesses are both 150 nm and doping concentrations are 1.6 x 10”7 em ™ and 3 x 10" ¢cm ™
separately. The results show that both the photocurrent growth rate and the maximum photocurrent of the gradient-doping
GaN photocathodes are greater than those of the uniform-doping GaN in the Cs/O activation process, and the multi-test
system measured maximum quantum efficiency of the gradient-doping NEA GaN photocathode is about 56% which is as
high as the double of the uniform-doping. Calculations show that the energy band bendings of the gradient-doping GaN
photocathodes are 0. 024eV, 0. 018eV and 0.031eV from the body to the surface, a larger electron drift and diffusion
length are gained due to the built-in electric field formed by the energy band bending, because of the 0. 073€V total energy
band bending the photoelectrons reaching the surface have higher energies and pass through the surface barrier more

easily. Therefore the gradient-doping NEA GaN photocathodes have greater quantum efficiencies.

Keywords: NEA GaN photocathodes, gradient-doping, quantum efficiency, energy band structure
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