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Study on the time-resolved characteristics of the transmission-
mode GaAs photocathode

Han Ming'?, Guo Xin"?, Qiu Hongjin'?, Zhang Ruoyu'?, Jia Tiantian'?, Liu Xuchuan'?, Hu Yixuan'?

(1. Science and Technology on Low-Light-Lever Night Vision Laboratory, Xi'an 710059, China;
2. Kunming Institute of Physics, Kunming 650223, China)

Abstract: Time-resolved characteristics are a very important performance parameter of GaAs photocathodes
used in pump detection and other fields. In this paper, the photoelectron continuity equation and the outgoing
photoelectron flow density equation are calculated by solving the photoelectron diffusion model by the matrix
difference method. The factors affecting the time-resolved characteristics of the GaAs photocathode include the
recombination rate of the GaAs/GaAlAs rear interface, GaAs electron diffusion coefficient and GaAs active layer
thickness. Then, the effects of these three physical factors on the time-resolved characteristics of the GaAs
photocathode are systematically studied. The research results show that the GaAs electron diffusion coefficient
and the GaAs/GaAlAs rear interface recombination rate have a nonlinear proportional relationship with the
response rate of the photocathode, and the saturation response rate of the GaAs photocathode will appear as the
two increase. The thickness of the GaAs active layer has the greatest impact on the response time of the GaAs
photocathode. The response time of the GaAs photocathode can be reduced to 20 ps by appropriately thinning the

thickness of the active layer, which can meet the fast response requirements for most photon and particle
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detection. This study provides necessary theoretical support for the experiment and application of a fast-response

GaAs photocathode.
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Fig.l Energy band diagram of traditional transmission-mode GaAs photocathode
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Fig.2 Curve of the photoelectron current density with time in GaAs

photocathode with different electron diffusion coefficients

22 18 GaAs 6 HL B e b 5 6] 55 GaAs HLF4"
BUCRBIX N KRR, nT LU 1, BEE B3 B0 A
VRT3 K, o 7 328 3 1 1 S RE AN DR S, LK
FREEKF 70 cm’/s J5, M 1 39 R FEACTE B LR, R
PR TP BOR B R R, X FRERE hHE
F U HRBORN WIS K, I B R AW e, 76
GaAs X F LR A2 AR P, 31X 26025 R HL -4 ) A &L
BRI RE A P RAE, Al 0 7 P BHLF B
FEBE TR, RN, RS TR R SH T
AT AR K g g, R AR A5 H 1T A% o R A F
TR,

R 1 GaAs SRR R B (8] 5 B F 3 B R EHI X R X
B S
Tab.1 Correspondence table of GaAs photocathode

response time and electron diffusion coefficient

Item Value
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Fig.3 Curve of the photoelectron current density with time in GaAs

photocathode with different rear interface recombination rate
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Fig.4 Curve of the photoelectron current density with time in GaAs

photocathode with different active layer thickness
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