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Abstract

Multi-alkali photocathodes, which utilize alkali antimonide compounds as the core photoemissive
material, represent a class of high-performance photoelectric conversion systems widely employed
in high-sensitivity detection. In this paper, a numerical model of a three-layer multi-alkali photo-
cathode structure is established based on the Silvaco-ATLAS semiconductor device simulation plat-
form. The influences of thickness, doping concentration, and band-structure parameters on the
quantum efficiency and dark current are systematically investigated. By incorporating the photo-
generated carrier model, drift-diffusion equations, and recombination mechanisms, the photore-
sponse characteristics at different wavelengths and the dependence of current density on bias volt-
age are obtained. The photoelectric properties of multi-alkali photocathodes with different NazKSb
thicknesses and doping concentrations are compared, and the quantum efficiency and dark current
density under the optimal structure are analyzed. The results show that when the Na:KSb layer
thickness is 100 nm, the K:CsSb layer is 20 nm, the Sb-Cs layer is 10 nm, and the doping concentra-
tion in the absorption layer is Na ® 5 x 1017 cm-3 , the photocathode achieves a peak quantum effi-
ciency of 45% and a dark current density of 9 x 10-7 A/cm? at 0.3 V bias.
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FERAMR R LB - MR G Th AR JZ, FERL TR O UG RN a5 FE IR S5 e R P 0
PER[1]-[3]e HCARJEIE : AT REE R TARRE BRI, 4y i IR ISO B RERRIT 23, Bl 5 e I
RMARZFNES, HAEH TR =T (Quantum Efficiency, QE)FIHE B it (Dark Current) & PEA% 5%
WPEREM AN SRR, AT BRI TR R, 5 2 W] S B 2841 1) M 75 7K P MRS g 1

22T B AR R LA A ) 3 T L e B3RP 08 v PR s L ARG 4 R0, i B T v R RS BRI 4tk . 1955
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Figure 1. Schematic diagram of multi-alkali
photocathode simulation structure
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Table 1. Material parameters

F 1. MEESH

ZH Naz2KSb K>CsSb Sb-Cs
H# B Eg(eV) 1.00 1.20 1.20
BT y(eV) 1.00 0.90 0.80
FEXS A H A H er 11.5 10.5 10.0
HTFIERE R un(cm¥V:s) 30 25 20
2 GEFEE up(cm?/V-s) 8 6 5
A EE Ne(em™) 1x10" 1.3 x 10" 1.4 x 10"
A A FE Nv(em™) 5.4 x 10" 6 x 1019 6.3 x 10%°

7E ATLAS F N\ JHIA Y, @i MATERIAL 74 5€ XM kS350, REGION iy &X4r 2454, FR7ER
7 BB E ARG AN RS R oy o THEI I i SONTE NS, FETI BB BEAM, DA KATH 7 L
LA AN T REETER . NaKSb Ml K4, Sb-Cs M il /Mi E(0~0.5 V), PAZRIS IR
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Figure 2. Quantum efficiency curves of multi-alkali photocathodes at different absorption layer thicknesses
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80~100 nm, ZX W PHEERIR S BIRTEEHEL, N5 s TSR BB .

K>CsSb 5 Sb-Cs P )2 14 )& B JU| 3= 2 5 mm W -5 4 5 S0 R i 72 . 1 L3R B, 24 KoCsSb 2T JE I,
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Figure 3. Dark current density of multi-alkali photocathodes as a function of bias voltage

3. SRR ARSI R ERE R E AT (L Lk

3 IR T ZWIANAEA FE A TR 2 % - k. BT W, =2 x £k
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DR E L RS (T R R BEAR R R4 Bl I ), 8 P 7 S FRLAE FH R T 288038 22 FH 3R T Ab HL I P e, T &
FEARA I A 2 3 SR R T R S il 5 SR R oA, DR SR R R R R AR S L2 AT S
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Wk 4 froR, XFF 100nm JERE, BRKHEM1x10° em> 2 5% 107 em > I, TFHE TR
12%38TH & 32%; WRFEHE—PBEZE 1 x 107 em B3 I, P E FREIERGRFAL(32.1%), BIIKEXT
BRI 2 TR BE S B iR R B 20K FE FRAIK 3 B p-NaxK Sb/n-KoCsSb
SRR X FEEM 20 nm &/ ZE 80 nm, P E FEIFRZIE BIEE 2 95k . P a3 AR A A e AR
B IRE BN “PiE T Ay R - R R, B EUK B 50 nm 36 & 100 nm, %
KRG FIBER I 65%I-TH A 90%, MIBAIRE <5 x 107 em > i, FER X %6 FE O 78 55 AN IRZ
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Figure 4. Coupled effect of thickness and doping concentration on average quantum efficiency
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Figure 5. Dark current density of multi-alkali photocathodes as a function of doping concentration
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