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Numerical simulation of charge collection characteristics of
Si SOI microdosimeter
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Abstract: 2D simulation of the main influence factors on the charge collection characteristics of
Silicon On Insulator(SOI) PIN microdosimeter was performed with TCAD software. The transient current in
the microdosimeter induced by 3 MeV alpha particle was calculated at different applied voltages(from
10 V to 50 V), doping concentrations and alpha incident directions. The simulation results show that the
transient current increases with the increase of reverse bias voltage due to the decrease of the carrier
recombination effect; and the space charges induced by alpha particle are almost collected in 1 ns with 10 V
applied to the n+ region at the charge collection efficiency nearly 100%; and the transient current
decrease when the doping concentration of each region increases.
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Tablel Parameters of microdosimeter with different structures

type of parameters
structure substrate thickness/pm n+GR type doping pattern sensitive region width/um sensitive area of single PIN /um’
1 2 DGR
2 2 GRE impurity diffusion ~ ~50
3 10 DGR
4 10 GRE
5 2 DGR
(7) 120 ggl}i ion implant ~6 ~169
8 10 GRE

ZFh, n+GR KA —#F%, DGR(Define Annulus Guard Ring)ft 3 n+{# 33, GRE(Guard Ring Everywhere)ft 3
Br T REUARFAN, 75— PIN RN 25 20 70 o H A X B0 R R AP RS54, &l 1 FroR. &1 50 T 4 FloR R 28 3
F14) % 0 2500 T €]

(a) DGR,sensitive area width is 2 pm (b) GRE,sensitive area width is 2 um (c) DGR,sensitive area width is 6 pm (d) GRE,sensitive area width is 6 pm
Fig.1 Bird’s eye views of different structures
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(d) 3D structure drawing of a PIN unit without (e) bird’s eye view of a PIN unit without
and SiO, on the surface
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Fig.2 Structure parameters of two different kinds of PIN cell
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Fig.3 Spatial distribution of electric field with different Fig.4 Spatial distribution of electric static potential with different
reverse bias voltages applied to n+ region reverse bias voltages applied to n+ region
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Fig.5 Spatial distribution of space charge induced by a 3 MeV alpha particle at 1 ps,10 ps,100 ps,1 ns
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Fig.6 Transient current curve with different voltages applied to n+ region  Fig.7 Transient current curve with different doping concentration
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Fig.8 Alpha incident directions Fig.9 Transient current curve with different incident directions
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