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Theoretical Study of the Average Decay Time and Response Characteristics
of the Transmission-Mode GaAs Photocathodes with the
Different Doping Gradient Distribution
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Abstract We calculate the average time decay constant 7’ of the transmission GaAs NEA cathode under
different doping gradients; the analysis suggests that the thickness L of the cathode absorption layer and the doping
gradient have a dominant influence on 7', and 7’ gradually decreases with the increase of L and doping gradient. The
two doping methods involved in the simulation, the e-index doping method and the e-index electric-field doping
method with absorption layer concentration, were not found to have an impact on 7. When L~0.2—0.5 um is small,
the photon energy £, is significant to 7’ . As E,, further increases, the effects of £, on 7’ gradually decrease. In the
process of L and E,, changes, there is a dynamic competition relationship between the L and E,, in terms of the
influences to 7’ . Analyzed that the essence is the dynamic competition between the surface photoelectron
concentration at the initial moment and the distribution of photoelectron concentration in the body, which jointly
affects the 7' . The competitive relationship is not a simple superposition of the two parameters, but a complex,
alternately dominant relationship. As L increases, E), gradually transitions from dominant to secondary, while L
transitions from secondary to dominant. Meanwhile, based on 7', the simulation obtained the time response
characteristics of the cathode under different doping methods and doping gradients - 7,, and FWHM, both of which
gradually decrease with the increase of doping gradient, while the e-index electric-field doping method has excellent
response characteristics. This simulation result provides the theoretical basis and data support for the application
research of transmission GaAs photocathodes in high-speed photography, electronic sources, photomultiplier tubes,
and image intensifiers.
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Schematic diagram of band structure of GaAs photo-

cathode with built-in electric field
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Tab. 1 The relationship of FWHM and L, E,, in the uniform built-in electric field
L (um)FWHM (ps)N(L) 10" em™ 10" em™ 107 em™ 10" em™ 10” ecm™
0.2 5.1~8.4 2.3~33 1.2~1.6 0.71~0.88 0.36~0.51
0.3 8.3~15.0 5.3~9.8 2.6~5.9 1.53~3.2 1.0~2.0
0.4 20.4~23.4 9.3~11.9 4.9~6.1 2.7~3.5 1.7~2.2
0.5 29.9~43.4 14.4~18.6 7.6~9.5 4.6~5.4 2.0~3.4
0.7 68.9~83.4 33.9~35.6 16.1~20.0 9.4~10.4 6.1~6.6
1.0 110.4~125.3 59.5~71.3 31.2~37.4 18.5~21.3 11.7~13.3
1.5 205.8~250.5 127.1~153.8 70.1~83.4 39.7~46.6 23.9~29.6
2.0 300.5~388.6 236.8~272.6 128.7~151.5 73.0~85.1 44.9~52.8
F2 HEEHFT, T,5L.E, HXER
Tab. 2 The relationship of 7,,and L, E,, in the uniform built-in electric field
L (um)T,, (ps)N(L) 10" em™ 10% em™ 107 cm™ 10" cm™ 10” em™
0.2 1.1~1.93 0.61~1.09 0.36~0.64 0.25~0.39 0.15~0.17
0.3 2.3~3.46 1.6~2.16 0.71~1.48 0.49~0.88 0.28~0.56
0.4 4.5~6.66 2.5~4.68 1.45~2.82 0.8~1.64 0.49~1.04
0.5 8.4~11.26 3.8~7.9 2.2~4.76 1.67~2.82 1.0~1.78
0.7 19.66~65.8 10.4~16.9 5.0~17.4 3.3~9.7 2.34~6.1
1.0 24.7~51.6 15.5~36.2 9.2~22.0 5.7~13.3 3.3~8.6
1.5 47.3~115.0 31.4~84.0 18.0~52.3 10.6~32.0 5.6~20.9
2.0 63.7~196.5 56.1~149.0 33.1~93.9 20.5~58.1 12.6~38.2
x3 eig¥MmIFT, FWHMS L.E, X%
Tab.3 The relationship of FWHM and L, E,, in the exponential built-in electric field
L (um)FWHM (ps)N(L) 10 em™ 10%em™ 10" em™ 10 cm™ 10" em™
0.2 5.1~8.4 2.3~3.2 1.1~1.3 0.55~0.6 0.3~0.35
0.3 8.3~15.0 5.1~6.5 2.5~3.0 1.23~1.34 0.71~0.75
0.4 20.4~23.4 9.2~12.5 4.6~5.2 2.2~2.4 1.28~1.4
0.5 29.9~43.4 14.4~17.8 7.3~8.2 3.5~3.7 2.0~2.1
0.7 68.9~83.4 33.5~40.4 14.8~15.6 6.6~7.2 3.6~4.0
1.0 110.4~125.3 48.2~77.6 26.1~32.2 13.2~15.0 7.5~8.5
1.5 205.8~250.5 130.0~153.7 66.7~75.8 30.8~33.7 16~18
2.0 300.5~388.6 251.5~275.5 117.6~128.4 51.1~59.2 28.5~32.9
R4 MBI, BT, 5 L.E, X%
Tab.4 The relationship of 7,,and L, E,, in the exponential built-in electric field
L (um)T,, (ps)N(L) 10" cm™ 10% cm™ 107 cm™ 10" cm” 10" cm™
0.2 1.1~1.93 0.59~1.1 0.34~0.57 0.20~0.28 0.12~0.18
0.3 2.3~3.46 1.25~2.5 0.67~1.34 0.44~0.67 0.3~0.45
0.4 4.5~6.66 2.38~4.66 1.4~2.5 0.7~1.2 0.5~0.8
0.5 8.4~11.26 3.6~7.85 2.1~4.1 1.4~2.0 0.8~1.2
0.7 19.66~65.8 10.4~16.7 5.1~8.6 2.8~4.2 1.7~2.6
1.0 24.7~51.6 12.9~35.8 10.6~18.2 4.7~9.0 3.5~5.5
1.5 47.3~115.0 30.3~83.2 26.6~42.5 13.2~19.4 8.5~13.0
2.0 63.7~196.5 83.0~148.3 46.9~78.8 25.2~39.7 15.6~23.8
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