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Abstract

The CsK,Sb and Cs3Sb photo-cathode is capable of generating a high-intensity and low-emittance electron beam with
visible laser light. In this study, we examined CsK2Sb and Cs3Sb photo-cathode evaporation on n- and p-type Si(100),
GaAs(100), and Si(111) substrates, and compared their cathode performance. We observed significant differences in
the quantum efficiency between the different types semiconductor substrates. We qualitatively discuss the result with

energy-band models for the semiconductor(metal)-semiconductor junction between cathode and the substrate.
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Table 1: The maximum QE of the CsK5Sb photo-cathode
on n-type Si(100), n-type Si(111), n-type GaAs(100), p-
type Si(100), p-type Si(111), and p-GaAs(100) substrates
at 532 nm.

Substrate QE[%]@532nm
p-type GaAs(100) 10.1£04
n-type GaAs(100) 7.0x£0.5

p-type Si(100) 9.7+ 0.7
n-type Si(100) 6.7£0.4
p-type Si(111) 2.8+0.1
n-type Si(111) 1.6 £0.1
Mo(100) 10 [9]
p-type Si(100) 7—10[10]

Table 2: The maximum QE values of the CssSb photo-
cathode on n-type Si(100), n-type GaAs(100), p-type
Si(100), and p-GaAs(100) substrates at 532 nm.

Substrate QE[%]@532nm
p-type GaAs(100) 5.3+£0.2
n-type GaAs(100) 54+0.3

p-type Si(100) 5.3+0.2
n-type Si(100) 5.2+0.2
p-Si(100) 4 —-5[11]
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Figure 1: Spectral response for a CsK3Sb photo-cathode,
with red circles, blue triangles, green squares and yellow
rhombuses for the p-Si(100), n-S(100), p-Si(111) and n-
Si(111) substrates, respectively. The measurement limit of
photo-current is 10 nA [12].
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Figure 2: Spectral response for a CsK3Sb photo-cathode,
with red circles and blue triangles for the p-GaAs(100) and
n-GaAs(100) substrates, respectively. The measurement
limit of photo-current is 10 nA [12].
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Figure 3: The energy-band models for
semiconductor(metal)-semiconductor junction between
CsK3Sb and substrates, (a): p-Si(GaAs), (b): n-Si(GaAs),
(c): Mo. Evy,. is the vacuum level, E¢ is the conduction
band, Ev is the valence band, E, is the electron affinity,
E, is the bandgap and E is the fermi level. The vertical
dashed line indicates the position of the substrate-cathode
interface, and the area of the stripes shows the depletion
region [12].
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Figure 4: The energy-band models for semiconductor-
semiconductor junction between Cs3Sb and substrates,
(a): p-Si(GaAs), (b): n-Si(GaAs). Ey,c is the vacuum
level, E¢ is the conduction band, Ev; is the valence band,
E. is the electron affinity, E; is the bandgap and Ey is the
fermi level. The vertical dashed line indicates the posi-
tion of the substrate-cathode interface, and the area of the
stripes shows the depletion region [12].
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