Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

PASJ2022 TUP042

BRI ANADY—FRABAEBA Y2 DI 57 x> & hBN EERD
JiliE= e DR i

EVALUATION OF HEAT CLEANING OF GRAPHENE AND hBN FILM SUBSTRATE
ON A METAL MESH FOR PHOTOCATHODE

RERE~, Fhg B, (O o, MEsE D, SER— B, [IARHE D, milgEse o
Keita Goto*#, Lei Guo®, Hisato Yamaguchi®, Masashi Nakatake™, Shoichi Takakura®, Masahiro Yamamoto®,
Yoshifumi Takashima®®

A) Graduate School of Engineering, Nagoya University

B Synchrotron Radiation Research Center, Nagoya University

©Los Alamos National Laboratory
D) Aichi Synchrotron Radiation Center
B High Energy Accelerator Research Organization

Abstract

Thin-film photocathodes have advantages such as low emittance and high excitation efficiency. They are generally
fabricated by depositing cathode elements on a substrate, and it is known that the cathode performance strongly depends
on the surface condition of the substrates. We have recently investigated the effect of a two-dimensional material called
graphene or hexagonal boron nitride (hBN), as substrates on the performance of thin-film photocathodes. As a part of this
effort, graphene and hBN on metal mesh have been developed as substrates for transmission mode photocathodes. We
suspected that graphene and hBN films may be less tolerant to damages where they are not physically supported. In this
study, we used the graphene and hBN films on a metal mesh and evaluated the films after heat cleaning in an ultra-high
vacuum. Specifically, the substrates were heated at 300, 400, and 500°C in an ultra-high vacuum, and the subsequent
substrate surfaces were analyzed using X-ray Photoelectron Spectroscopy (XPS) and X-ray absorption spectroscopy

(XAS). The results of this series of analyses are reported.
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Figure 1: The XPS results of C 1s peaks on graphene-Ni
mesh substrate under different heat cleaning temperatures.
Red, yellow, purple, and blue lines are for cleaning
temperatures of without heat cleaning, 300°C, 400°C, and
500°C, respectively.
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Figure 2: The XPS results of C 1s peaks after heating at
500°C. Blue and orange lines are for Gra(Ni) mesh
substrate and Gra(Si) substrate, respectively.

Table 1: The Composition % of sp?, C-O and C=0 After
Heating at 500°C for Gra(Ni) and Gra(Si), Respectively

substrate Cleaning sp?, C-O, C=0
temperature (%)

Gra(Ni) 500°C 80, 12, 8

Gra(Si) 500°C 88,7, 5[8]
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Figure 3: The XAS results of the C K-edge for the Gra(Ni)
substrates under different heat cleaning temperatures. Red,
yellow, purple, and blue lines indicate heat cleaning
temperature of without heat cleaning, 300°C, 400°C, and
500°C, respectively.
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Figure 4: The XAS results of the C K-edge after heating at
500°C. Blue and orange lines are for Gra(Ni) mesh
substrate and Gra(Si) substrate, respectively.
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Figure 5: The XPS results of B 1s and N 1s peaks on hBN-
Ni mesh substrate after heating at 500°C. (a) B 1s. (b) N
Is.
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