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Abstract In order to explore the optimal heating temperature of the InGaAs photocathode, the high-temperature
cleaning experiments were carried out at different temperatures by using the ultra-high vacuum interconnection setup
for photocathode preparation and characterization, and Cs/O activation experiments were followed. By scanning
focused X-ray photoelectron spectroscopy, in-situ analysis of InGaAs samples after chemical cleaning, heat
cleaning, and surface activation was performed, to detect the desorption of surface impurities and the change of
chemical element composition at different temperatures. The results show that the carbon contaminants and oxides
are completely removed at 625 °C, resulting in an atomically clean surface. However, the In element is volatilized at
this time, which leads to the decrease of In composition and makes the infrared response of InGaAs material
unobvious. Therefore, 600 ‘C is treated as the optimal heating temperature. Combined with in-situ ultraviolet
photoelectron spectroscopy, it is found that the secondary electron cut-off edge continuously shifts towards higher
binding energy as the temperature rises, indicating that high temperature cleaning can effectively reduce the work
function. After Cs/O activation, the work function value is further reduced, and the negative electron affinity state
is achieved, which improves the near infrared photoemission performance of the InGaAs photocathode.
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Table 1 XPS fitted peak ratios of surface elements for samples after chemical cleaning and heat cleaning %
Sample Cls Ols Ga-InAs Ga,0O; AsInGa As As, O3  In-GaAs In, Oy
Cleaned sample (25 °C) 15. 91 8.78 26,17 1.41 21.09 18. 85 0. 28 7.20 0. 31
Sample a (500 C) 1.81 6. 89 44. 95 1.32 32.74 2.93 0 9.09 0. 27
Sample b (525 C) 1.02 5. 80 46. 16 1. 20 34.03 2.17 0 9. 40 0.22
Sample ¢ (550 C) 0 3. 80 47. 86 0. 90 35.41 1. 92 0 9.94 0. 17
Sample d (575 C) 0 1. 60 48. 57 0.72 37. 37 1. 11 0 10. 52 0.11
Sample e (600 C) 0 0. 28 49. 45 0.18 38. 14 0.53 0 11. 42
Sample f (625 C) 0 0 51. 97 0 39. 60 0 0 8.43
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Fig. 2 XPS fitted spectra of Ga2p3 at different heating temperatures. (a) Sample a; (b) sample b;
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Table 2 Fitting peak ratio of surface elements of samples after different experimental steps %
Step Cls Ols Ga2p3 As2p3 In3d5 Cs3d
Chemical cleaning 13. 86 11. 59 25. 83 41. 39 7.33 0
Heat cleaning 49.79 41. 80 8. 41 0
Cs activation 45.73 35. 46 6. 56 12. 25
Cs/O activation 20. 47 32.76 16. 65 6.01 24,11
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