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Abstract

Thin-film semiconductor photocathodes have attracted attention as electron sources for advanced accelerators and
electron microscopes because of their features such as high quantum efficiency (QE), low emittance, and the ability to be
excited by visible light. On the other hand, it has drawbacks such as weak structure, limited operating vacuum pressure,
and short lifetime with time or charge. To resolve these issues, we have recently succeeded in protecting thin-film
semiconductor photocathodes by using several layers of 2D material such as graphene which photoelectrons can quantum-
mechanically pass. We are proceeding with detailed evaluation of the cathode performance (QE, lifetime) by measuring
the photoelectrons passed through the graphene. From the latest results, the difference in QE with or without graphene is
more than two orders. One of the reasons for this difference is guessed to deposition sequence in conventional deposition
methods. In other words, there is a possibility that the cathode structure near the graphene interface used as a substrate is
not optimal. In this study, we tried to change the deposition sequence of antimony, potassium, and cesium, and improve
the cathode structure near the graphene interface to up the cathode performance. Specifically, the deposition sequence
was changed to potassium, antimony, and cesium. Cesium deposition was continued until the QE was saturated, and
potassium and antimony deposition were tried in four patterns on the time scale. The results of this series are reported.
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Figure 1: Equipment for photocathode deposition and
performance evaluation.
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Figure 2: Extracting photocurrent from the substrate side.

(@) Graphene (b)

Ni Mesh
Grid

Graphene

Ni Mesh

. Cs-K-Sb
/ |
Grid  ~ ® &

- Cs-K-Sh

mmp hv hv
¢ e

Figure 3: Image of photoelectron emission. (a) is with
graphene transmission, (b) is without graphene
transmission.
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Figure 4: Conceptual diagram of deposition method.
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Figure 5: QE for K deposition time in four patterns. (a) is
QE without graphene, (b) is QE with graphene.
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Figure 6: QE with two type methods: Sb—K—Cs and K—
Sb—Cs. (a) is QE without graphene, (b) is QE with
graphene.
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