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Simulation of charge collection efficiency for EBAPS

with uniformly doped substrate
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Abstract: The charge collection efficiency of electron bombarded active pixel sensor (EBAPS) was
simulated while the EBAPS with uniformly doped P type substrate. The photoelectron scatting trajectories
in dead layer and electron multiplier layer were simulated based on the low-energy electron-solid
interaction model and Monte Carlo method. Meanwhile the influence factors how affecting the energy loss
rate were studied. According to semiconductor theory, the influence factors(B atoms doping concentration,
film thickness and the incident electron energy) how affecting the charge collection efficiency were
studied. The final charge collection efficiency’s simulation results are consistent with the reported (4 keV,
uniformly doping) measured results, which means the simulation result can provide theoretical guidance
for the fabrication of high gain EBAPS.
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Fig.1 Structure of EBAPS and electrons’ multiplication and

collection in the BSB—APS
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Fig.2 Simulation of electron scatting trajectories in the BSB—APS
for a large number of photoelectrons when incident
photoelectron energy is 4 keV (insert figure: photoelectrons’
energies varied depending on the photoelectron incident

depth)
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Fig.3 Curve of the incident photoelectron energy loss varied

depending on the incident photoelectron energy
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Fig.4 Curve of the incident photoelectron energy loss varied

depending on the thickness of dead layer
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Fig.5 Curve of the incident photoelectron energy loss varied

depending on the photoelectron beam diameter
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Fig.6 Secondary electrons transport model for uniformly

doped substrate
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Tab.1 Relationship between the doping

concentration and CCE

Doping
concentration 1 10 100 500 10° 10*
/10" cm™
CCE 40.4 39.3 37.9 31.5 25.9 2.3
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Tab.2 Relationship between the substrate thickness

and CCE

P substvate
. 5 7 9 11 13 15 20
thickness

CCE 46.5 44.4 428 399 36.2 33.3 26.2

23 A\GTRTFRHESHETHRENEXR

X AN TR] S R, - Y H AT MU AR AR EA TS
AT FRER MR 4keV Fll 8keV, AT FHRE R
4 20nm, P BUFEICIREE A 10 wm, B 10" N em?,
ik & 8 Rl RIBE A A T RE RN 4 keV B
8 keV, AGHEE M 120 nm T4 K F] 430 nm, HE1 5

100%F Y L
80%
2 /
= 60%F
>
=)
8 40%[
m
20%[ .
-u- Photoelectron energy is 4 keV
o -e-Photoelectron energy is 8 keV

0 100 200 300 400 500
Incident depth for photoelectron/nm

Pl 8 A D't HL T i o 50 % A6 I SR A AL 1 i 2%
Fig.8 Curve of the incident photoelectron energy loss varied

depending on the incident depth
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