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Simulation on key influencing factors of Single Event Effects on SiGe HBT
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Abstract: The simulation of the semiconductor 3D device is performed to establish the 3D damage
model to study the damage mechanism of the Single Event Effects(SEE) in SiGe Heterojunction Bipolar
Transistor(HBT), as well as the key factors influencing the Single Event Effect under the coupling action
of different working modes and extreme space environment. The transient current changes of each
terminal are analyzed and compared after the ions striking on the device under different conditions. The
results show that under different operating voltages, the degree of SEE damage is different in different
extreme temperatures and different ion radiation environments, which is related to the ionization of
carriers in different environments within the device.
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Fig.1 3D view of device structure and 2D cross-sectional view of internal structure
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Fig.2 Electric potential at different moments after ions striking on the device
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Fig.3 Simulation of SEE induced by ions strike
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Fig.4 Simulation results of SEE at forward amplification mode
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Fig.5 Simulation results of SEE at positive mode of collector
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Fig.6 Simulation results of SEE at reverse mode of substrate
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Fig.7 Transient current of collector in SiGe HBT at different LET
&7 AR LET{A T SiGe HBT 42 H B I 285 i it BN 1) A8 AL 17 0
60
40 |
3F —&— base O —&— base
é 30 | —o— collector é —e— collector
2 55 —A— emitter g OF  —a—emitter
2  —v—substrate = —w— substrate
320 230
£ s :
Eup
2 %
g st 2 10 |
a
ot 1 1 1 1 1 U 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
LET/(Mev-cm?/mg) LET/(Mev-cm?/mg)
(a) forward amplification mode (b) collector positive mode

Fig.8 Current transient peak as function of LET in SiGe HBT
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Fig.9 Transient current of collector in SiGe HBT under different temperatures
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Fig.10 Current transient peak as function of temperature in SiGe HBT
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