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HIGHLIGHTS

e Single Event Burnout (SEB) in a PiN diode through simulation was studied.

e The correlation between the ion’s LET and threshold voltage of SEB (Vsgp) was investigated.

e The Linear Energy Transfer (LET) of the ions was determined using SRIM.

e The electrical properties of the device due to irradiation were analyzed using the Silvaco TCAD tool.
e Ions with higher LET values can cause burnout at a lower VSEB level, increasing the device’s sensitivity to SEB.

ABSTRACT

High-voltage semiconductor devices are vulnerable to Single Event Burnout (SEB) as
a result of interactions with Galactic Cosmic Rays (GCR). SEB is a permanent failure
triggered by the passage of a single particle during the turn-off state of the device.
This paper investigates SEB in a PiN diode induced by various ions in space through
simulation. The Linear Energy Transfer (LET) of the ions studied was determined
using SRIM. Additionally, the electrical properties of the device due to irradiation were
analyzed using the Silvaco TCAD tool. The key indicator of SEB occurrence is the
threshold voltage of SEB (Vsgg). Therefore, the correlation between the ion’s LET and
Vser was investigated. The results indicate that the most sensitive region is in the middle
of the device, and SEB is caused by avalanche multiplication of ion-generated carriers. It
was also observed that the Vsgp decreased from 3200 V to 2100 V; as the LET increased
from 0.19 to 58 MeV.cm?.mg~! for He and Ta, respectively. Consequently, ions with
higher LET values can cause the device to burnout at a lower Vsgp level, increasing the
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1 Introduction

Modern space technology has developed over the last few
decades, leading to a continuous increase in power de-
mand for space platforms. The power systems of future
space platforms must be able to operate reliably in space
for more than 30 years without the need for maintenance
(Gollapudi and Omura, 2021). In 2016, NASA identified
high-power electric propulsion as the first priority for fu-
ture space technologies. These technologies utilize high-
power devices that are expected to function in space en-
vironments for decades (Khurelbaatar et al., 2023).
High-power semiconductor devices are essential in
modern spacecraft and propulsion systems. However, the
performance of these devices may be degraded by space ra-
diation. In space, there are charged ions with energy levels
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up to 10%° eV (Soelkner et al., 2004). The interaction of
electronic devices with ionizing radiation may affect their
performance, potentially leading to failure. The reliability
of these systems is crucial due to the high costs associ-
ated with space applications. When electronic devices are
exposed to radiation, they may lose their correct perfor-
mance due to cumulative or Single Event Effects (SEEs).
Cumulative effects are gradual and occur throughout the
lifetime of the devices in a radiation environment. These
effects can be classified as Total Ionizing Dose (TID) and
Displacement Damage (DD). On the other hand, SEEs
are stochastic events that disrupt the behavior of elec-
tronic devices or systems due to the impact of a single
ionizing particle. SEEs are further divided into soft errors
and hard errors. Single Event Burnout (SEB) is a destruc-
tive form of SEE (a hard error) that can damage power
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devices exposed to radiation. SEB is a widely recognized
problem for space applications. It occurs in high-voltage
devices when they are in the OFF-state. SEB was first
observed in power MOSFETSs in 1986 (Waskiewicz et al.,
1986). However, subsequent reports indicate that power
diodes may also be susceptible to this phenomenon from
heavy ion strikes (Kabza et al., 1994). In recent years, nu-
merous studies have been conducted to understand SEB
mechanisms and develop hardening approaches for various
power devices to minimize their vulnerability to radiation
(Soelkner et al., 2004; Fei et al., 2020; Lu et al., 2020;
Pocaterra and Ciappa, 2023; Srivastava et al., 2023).

The investigations showed that as the applied voltage
of electronic devices increases, the probability of failure
and malfunctions due to SEB increases because of interac-
tions with galactic charged particles in space (Patel, 2004;
Reinhardt et al., 1998). The key parameter for the SEB
sensitivity of the device is the threshold voltage (Vsgg),
which is related to the devices ability to resist SEB (Wu
et al., 2023). Scheick et al. point out that the Vsgp may
be much lower than the breakdown voltage (Vgp) of the
device and it could vary under irradiation from different
ions (Scheick, 2014). According to experimental results
from Martinez et al. for p-GaN gate HEMT, Vggp would
likely have be lower for heavier ions (Martinez et al., 2018).

Obtaining SEB data through tests for semiconductor
devices is an expensive, challenging and time-consuming
task, due to the destructive nature of the test. However,
simulation tools provide an opportunity to investigate the
behavior of the device under irradiation. Silvaco TCAD is
one of such tools that is based on finite-element methods
for solving the equations.

In this paper, simulations were performed using Sil-
vaco TCAD to understand the electrical properties of a
PiN diode during irradiation. The PiN diode is considered
due to the presence of a P-i-N structure in all high voltage
semiconductor devices. For this purpose, the sensitive in-
jection position and the Vggp of each ion were conducted,
and then the correlation between different values of LET
and Vggp was studied.

2 Materials and methods

The PiN diode with a voltage breakdown (Vgp) of 3.3
kV is used in this study. Simulations were performed
using the Victory module of the Silvaco TCAD tool to
analyze the device behavior under irradiation by various
ions. This tool is based on finite-element methods and
solves Poisson’s and carrier continuity partial differential
equations for the device. Key models employed in the sim-
ulation include the Shockley-Read-Hall (SRH) recombina-
tion model, the Auger recombination model, the impact
ionization model, and the electric-field dependent model.
Doping levels and dimensions used in the PiN diode sim-
ulations are outlined in Table 1. As particles traverse
through the material, they deposit some or all of their
energy through direct or indirect ionization, creating a
column of electron-hole pairs along their path. According
to the Bethe-Bloch equation, the LET value initially in-
creases with energy and, then decreases after reaching a
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peak value (Grimes et al., 2017).

To understand the relationship between Vsgg and
LET, several ions with relatively high flux in space were
selected. The ions studied in this work, include He, O, Ne,
Si, Fe, Cu, Br, Kr, and Ta. To ensure consistency among
the ions studied in this work, it was assumed that all of
them would pass entirely through the device. Therefore,
the energy and LET in the silicon were calculated using
SRIM for the same range of ions. Subsequently, electrical
simulations were conducted to identify the most sensitive
region in the device and to observe the impact of heavy
ion strikes on the PiN diode’s behavior. The Vsgp at a
specific LET value could be determined by gradually in-
creasing the cathode voltage and monitoring the transient
current. The results will be presented in the following
section.

Table 1: The parameters used in the diode simulation.

Region Length (um) Doping (cm™?)
nt 20 1 x10™
(i-layer) n~ 300 3 x 10'3
Pt 20 1x 10"
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Figure 1:
TCAD tool.

The simulated structure of PiN diode using Sivaco

3 Results and discussion

The simulated 2D diode structure is depicted in Fig. 1.
The colour changes are due to the variation of doping
value in different layers of the device. As depicted in
this figure, the n™ and p™ regions are distinguished in
red and violet, respectively. When ions strike the device,
electron-hole pairs are generated. Due to the electric field,
the strike-induced electron-hole pairs separate. Electrons
move towards the cathode, while holes move towards the
anode. The current density of electrons and holes around
the cathode and anode after the incidence into the PiN
diode is illustrated in Figs. 2-a and 2-b.
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Figure 2: The current density of the generated electron and holes

strike location is in z = 2.5 pm.

In order to investigate the most sensitive region, ions
with different values of LET were struck into the various
locations on the PiN diode. The most sensitive region is
defined by the minimum LET value that triggers SEB.
Figure 3 illustrates the minimum LET required to cause
SEB in the device at different positions. The results indi-
cate that the most sensitive region is located in the middle
of the device, where the device is most likely to burnout
when the ion with lower LET strikes on it.

The transient behavior of the cathode current in the
device after an ion strike is illustrated in Fig. 4. This
figure shows the ion strike with two values of LET=13.6
MeV.cm?.mg~' and LET=27.2 MeV.cm?.mg~!. Accord-
ing to the simulation results, the current pulse after the
ion strike for LET=13.6 MeV.cm?.mg~! falls back to zero
and the device recovers. Therefore, no SEB has occurred.
However, for LET=27.2 MeV.cm?.mg~!, the current in-
creases significantly, resulting in device burnout. The oc-
currence of SEB is attributed to the presence of a strong
electric field after the particle strike and the multiplication
of ion-generated carriers.
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Figure 3: The sensitivity of different positions in the PiN

diode.
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Figure 4: Cathode transient current as a result of ion
strike with two values of LET. LET= 13.6 MeV.cm?.mg™* and
LET=27.2 MeV.cm?.mg~".

In order to investigate the correlation between Vsgp
and LET, the transient current for different biases below
the breakdown voltage has been simulated by irradiating
of the ions in the middle of the device, which is the most
sensitive region. The results are shown in Table 2, indicat-
ing that the Vggp is different under irradiation of different
values of LET. As shown in Table 2, the Vsgg of He, Cu,
and Ta ions obtained 3200 V, 2500 V, and 2100 V, re-
spectively. The results show that the Vggp decreases with
an increase in LET value. This was expected due to the
higher energy deposition in the device and more carrier
generation resulting from higher LET values, leading to
more multiplication.

Therefore, the ion with a higher LET value possesses a
lower Vggg. This means that the sensitivity of the device
to the occurrence of SEB increases when ions with higher
LET strike it. A similar result has recently been obtained
for GaN HEMT power devices (Wu et al., 2023).
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Table 2: Relationship of VSEB and LET value of different

ions.

Ton Range Energy LET in Silicon VSEB
(GeV)  (MeV.cm?.mg™!) (V)
Ta  Whole the device 4.7 58 2100
Kr  Whole the device 2 19.5 2450
Br  Whole the device 1.8 18.7 2480
Cu  Whole the device 1.4 13.6 2500
Fe  Whole the device 1.2 11.4 2600
Si Whole the device 0.5 4.4 2800
Ne  Whole the device 0.3 2.5 3000
O Whole the device 0.25 1.8 3100
He  Whole the device 0.025 0.19 3200

4 Conclusions

In this work, a simulation study on the SEB induced in
a PiN diode has been conducted to investigate the im-
pact of LET value on the SEB sensitivity of the device.
To understand the relationship between the ions LET and
the SEB threshold voltage (Vsgg), SRIM was used to de-
termine the LET of the studied ions in the silicon. The
transient behavior of the device was then analyzed us-
ing Silvaco TCAD tool. The results indicate that the PiN
diode is most sensitive to ions injected in the middle of the
device. SEB is caused by avalanche multiplication of ion-
generated carriers. Additionally, it was also observed that
the Vsgp decreases from 3200 V for He to 2100 V for Ta,
when the LET increased from 0.19 to 58 MeV.cm?.mg™!.
Consequently, ions with higher LET values can cause the
device to burnout at lower voltages and make it more sen-
sitive to SEB.

Conflict of Interest

The authors declare no potential conflict of interest re-
garding the publication of this work.

References

Fei, X.-X., Wang, Y., Luo, X., et al. (2020). Research of
single-event burnout and hardened GaN MISFET with em-
bedded PN junction. Microelectronics Reliability, 110:113699.

Gollapudi, S. and Omura, I. (2021). Altitude dependent fail-
ure rate calculation for high power semiconductor devices in

aviation electronics. Japanese Journal of Applied Physics,
60(SB):SBBD19.

Grimes, D. R., Warren, D. R., and Partridge, M. (2017).
An approximate analytical solution of the bethe equation for

60

Radiation Physics and Engineering 2024; 2024; 5(3):57-61

charged particles in the radiotherapeutic energy range. Sci-
entific Reports, 7(1):9781.

Kabza, H., Schulze, H.-J., Gerstenmaier, Y., et al. (1994).
Cosmic radiation as a cause for power device failure and pos-
sible countermeasures. In Proceedings of the 6th International

Symposium on Power Semiconductor Devices and Ics, pages
9-12. IEEE.

Khurelbaatar, L., Tumenjargal, T., Tumendemberel, B., et al.
(2023). Space radiation induced failure rate calculation
method using energy deposition probability function for high-
voltage semiconductor device. Materials Today Communica-
tions, 35:105499.

Lu, J., Liu, J., Tian, X., et al. (2020). Impact of varied
buffer layer designs on single-event response of 1.2-kV SiC
power MOSFETSs. IEEFE Transactions on FElectron Dewvices,
67(9):3698-3704.

Martinez, M., King, M. P., Baca, A. G., et al. (2018). Radia-
tion response of AlGaN-channel HEMTs. IEEE Transactions
on Nuclear Science, 66(1):344-351.

Patel, M. R. (2004). Spacecraft power systems. CRC press.

Pocaterra, M. and Ciappa, M. (2023). Single event burnout
failures caused in silicon carbide power devices by alpha par-
ticles emitted from radionuclides. e-Prime-Advances in Elec-
trical Engineering, FElectronics and Energy, 5:100203.

Reinhardt, K. C., Mayberry, C. S., and Glaister, D. S. (1998).
Space power technology in power management and distribu-
tion electronics. Journal of Spacecraft and Rockets, 35(6):837—
844.

Scheick, L. (2014). Determination of single-event effect ap-
plication requirements for enhancement mode gallium nitride
hemts for use in power distribution circuits. IEEE Transac-
tions on nuclear science, 61(6):2881-2888.

Soelkner, G., Kaindlb, W., Schulzea, H., et al. (2004). Reli-
ability of power electronic devices against cosmic radiation-
induced. Microelectron Reliab, 44:1399-1406.

Srivastava, A. K., Saini, N., Chatterjee, P., et al. (2023). Tcad
simulation of the mixed irradiated n-MCz Si detector: Im-
pact on space charges, electric field distribution. Nuclear In-
struments and Methods in Physics Research Section A: Accel-
erators, Spectrometers, Detectors and Associated Equipment,
1049:168031.

Waskiewicz, A., Groninger, J., Strahan, V., et al. (1986).
Burnout of power MOS transistors with heavy ions of
californium-252. IEEE Transactions on Nuclear Science,
33(6):1710-1713.

Wu, W., Xu, W., Qu, K, et al. (2023). Comprehensive inves-
tigation on different ions of geostationary orbit induced single
event burnout in GaN HEMT power devices. Microelectronics
Reliability, 149:115187.



M. Soleimaninia Radiation Physics and Engineering 2024; 2024; 5(3):57-61

©2024 by the journal.

RPE is licensed under a Creative Commons Attribution-NonCommercial 4.0 oPEN/~ ACCESS
International License (CC BY-NC 4.0). BY NC

To cite this article:

Soleimaninia, M. (2024). An investigation into the impact of LET on the Single Event Burnout (SEB) sensitivity of a 3.3
kV PiN diode. Radiation Physics and Engineering, 5(3), 57-61. doi: 10.22034/rpe.2024.469537.1226

DOI: 10.22034 /rpe.2024.469537.1226

To link to this article: https://doi.org/10.22034/rpe.2024.469537.1226

61



	An investigation into the impact of LET on the Single Event Burnout (SEB) sensitivity of a 3.3 kV PiN diode.  M. Soleimaninia

