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Abstract

Electron source is one of the most important components in the advanced linac based application such as linear colliders,
next generation light sources like Free Electron Laser (FEL) and Energy Recovery Linac (ERL). They require polarized
and very low emittance electron beam as the electron source. In general, there are strong demands on the high performance
cathode giving high polarization, high brightness (high current density and low emittance), and short pulse. NEA
(Negative Electron Affinity)-GaAs photocathode is a unique technology which is capable for generating high polarized
and extremely low emittance beam. Quantum efficiency of the cathode is high even in near IR region, so it is favor to
generate a beam with the high current density from this point of view. These advantages are originated from the NEA
surface where the vacuum state is lower than the bottom of the conduction band. On the other hand, the NEA surface is
easily damaged, and the extractable current density is limited from this fact. To overcome this disadvantage, a robust
NEA surface on GaAs cathode as a replacement of the current Cs-O NEA surface is studied. According to the hetero-
junction hypothesis, Cs-Te thin film deposited on GaAs surface forms the NEA surface state. We performed the Cs-Te
evaporation experiment on a clean GaAs and photo-electron emission was examined in a wide range of wavelength. We
succeeded the activation of GaAs with the Cs-Te evaporation and found a high quantum efficiency up to 900 nm
wavelength which strongly suggested a NEA surface formation.
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Figure 2: Cross sectional view of the vacuum chamber
where the experiment was carried out.
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Figure 3: Cs and Te evaporation head is shown in the
left. The round object in the right is the quartz oscillator
for thickness monitoring. This three silver wires are Cs
dispencer and the spiral wire is the tungsten basket
contain Te beads.
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Table 1: Parameters of Cs-Te Deposition

FT | FARE | Te & Cs =
C A A

A 25 9 225
B 120 9 205
C 120+25 9 205+8
D 110 76 198
E 110+25 76 198+176
F 25 6 255
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Figure 3: QE spectrum right after the NEA activation.
Green diamond is sample A, Blue square is sample B,
Orange triangle is sample C, and Red circle is sample F.
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Figure 4: sample F QE spectrum time degradation. Blue
circle is initial QE spectrum. Red square is spectrum
after 15-18 hours. Green diamond is after 66 hours.
Orange triangle is after 87 hours. Sky blue cross is after
118 hours
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Figure 5: sample C QE spectrum degradation. Blue
circle is initial QE spectrum. Red square is after 28
hours. Green diamond is after 50 hours. Orange triangle
is after 72 hours
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Figure 6: 1/e lifetime. Blue circle is sample F lifetime.
Red square is sample C lifetime.
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