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Abstract Based on 3D-TCAD simulations, single-event
transient (SET) effects and charge collection mechanisms
in fully depleted silicon-on-insulator (FDSOI) transistors
are investigated. This work presents a comparison between
28-nm technology and 0.2-um technology to analyze the
impact of strike location on SET sensitivity in FDSOI
devices. Simulation results show that the most SET-sensi-
tive region in FDSOI transistors is the drain region near the
gate. An in-depth analysis shows that the bipolar amplifi-
cation effect in FDSOI devices is dependent on the strike
locations. In addition, when the drain contact is moved
toward the drain direction, the most sensitive region drifts
toward the drain and collects more charge. This provides
theoretical guidance for SET hardening.

Keywords Single-event transient - Charge collection -
Bipolar amplification - Fully depleted silicon-on-insulator

This work was supported by the National Natural Science Foundation
of China (Nos. 61434007 and 61376109).

< Jing-Yan Xu
jingyanxu@126.com

P< Shu-Ming Chen
smchen_cs@163.com

College of Computer, National University of Defense
Technology, Changsha 410073, China

National Laboratory for Parallel and Distributed Processing,
National University of Defense Technology,
Changsha 410073, China

1 Introduction

Fully depleted silicon-on-insulator (FDSOI) transistors
are good candidates for use as technology scales down
beyond the 28-nm node owing to short-channel-effect
(SCE) suppression and low power consumption [1-3]. The
radiation environment in space poses a major challenge to
the reliability of electronic components in spacecraft.
High-energy particles in space produce single-event effects
(SEE) in transistors, which lead to multiple failures in the
electronic systems [4]. It was proven that the FDSOI
devices are more resilient to SEE than the bulk devices [5].
The FDSOI devices are also good candidates for applica-
tions in space.

Since the thin top silicon film reduces the charge-gen-
eration volume, FDSOI devices are considered to be able to
mitigate single-event transient (SET) effects. [6] In recent
years, many works have investigated the SET characteris-
tics and charge collection mechanisms. However, while
technology scales down beyond the 28-nm node, the par-
asitic bipolar amplification effect is further enhanced [7].
The power supply voltage is reduced and the charge stored
in each sensitive node is reduced as well. These factors
may increase the SET sensitivity of the FDSOI devices;
therefore, the SET sensitivity and charge collection
mechanisms in nanoscale FDSOI devices must be thor-
oughly understood. At present, research on charge collec-
tion mechanisms of FDSOI devices beyond the 28-nm node
is still lacking. Previous studies have pointed out that the
most sensitive region in the FDSOI devices is at the gate
center [8—10]. However, a recent study proposed that the
most sensitive region in the 22-nm FDSOI device is near
the drain center [11, 12]. The mechanisms are not clear.
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Thus, it is disadvantageous to find an effective hardening
scheme.

In this paper, 3D-TCAD simulations are used to com-
pare the most sensitive regions of the FDSOI devices
between the 28-nm and 0.2-um technology nodes. Simu-
lation results indicate that the most SET-sensitive region in
the FDSOI transistors is the drain region near the gate. The
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reason behind this is analyzed in detail from the standpoint
of charge collection mechanisms. Furthermore, the effect
of drain contact location on the most sensitive location and
charge collection is investigated.

2 Device structure and simulation setup

To simulate the SET in FDSOI devices, 3D-TCAD
models are established. A 28-nm FDSOI negative channel
metal oxide semiconductor (NMOS) is built and calibrated
according to the ST28 FDSOI PDK. The high-K dielectric
layer and metal gate technology is used. Figure 1 shows a
cross-sectional schematic diagram of the 28-nm FDSOI
device. Figure 2 shows the /-V characteristic curves. The
0.2-um FDSOI NMOS is built and calibrated using pub-
lished data [13]. Figure 3 shows the I-V characteristic
curves of the 0.2-um FDSOI device. The design parameters
are listed in Table 1.

The n-type devices are biased in the off-state during the
TCAD simulations. The drain is biased at the supply
voltage V44, while the source, gate and ground planes (GP)
contacts are grounded. The power supply voltages of the
28-nm devices and 0.2-um devices are 1 and 1.8V,
respectively. The total simulation time is 75 = 300 ps and
the heavy ions start showing impacts at 7; = 100 ps. All
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simulations are conducted for the normal incidence. The
heavy ions strike the devices at various locations from
source to drain, and the collected charge is given by the
drain current integration over the transient duration. The
collected charge by drift—diffusion (DD) is simulated using
the device with the floating source.

Table 1 FDSOI physical parameters

Parameters 28 nm 0.2 pm
Ly (nm) 30 200
Ly (nm) 120 690
W (nm) 210 1000
Tox (nm) 0.5 5
Ts; (nm) 7 50
TBOX (Hm) 25 100
Wspaccr (nm) 10 100
Tsource/drain (nm) 17 50
Pm(eV) 4.65 _
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Fig. 4 (Color online) Collected charge versus strike location: a 28-

nm device, and b 0.2-pm device

3 Simulation results

The strike location is from the source center to the drain
center. The collected charge is shown in Fig. 4. The source
is in the negative direction and the drain is in the positive
direction. As shown in Fig. 4, the most sensitive region of
the 28-nm FDSOI devices is the drain region at 0.04 um
from the gate center, and the most sensitive region of the
0.2-um FDSOI devices is the drain region at 0.15 um from
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Fig. 5 (Color online) Collected charge versus LET in a 28-nm
FDSOI device
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the gate center. The drain region near the gate is the most
sensitive. The SET sensitivity in the center of the gate and
the drain is similar under the 28-nm process. However, the
drain center is not sensitive under the 0.2-pm process. This
is consistent with the previous simulation results. The
reason is analyzed in detail from the standpoint of charge
collection mechanisms in the next section.

For brevity, in this paper, the gate center is denoted as GO
and the drain region at x-um from the gate center is denoted
as Dx. Whereas the strike locations are GO, D0.04 and
DO0.08, the collected charge in the 28-nm FDSOI devices
versus the linear energy transfer (LET) relationship is given
in Fig. 5. The latter also shows that the charge was collected
by drift-diffusion (DD). We observed that the collected
charge increases with the LET depending on the bipolar
amplification effect. In contrast, the charge collected by
drift—diffusion is saturated. In addition, the bipolar ampli-
fication effect is affected by the strike location.

4 Discussion
Many studies have reported on the heavy-ion-induced

charge collection mechanisms in CMOS transistors
[14-17]. It has been shown that the charge collection
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process consists of drift—diffusion and the parasitic bipolar
amplification. Owing to the isolation of the buried layer,
the charge-generation volume in FDSOI devices is very
small. Thus, the charge collected by drift—diffusion is very
limited, especially in the FDSOI device beyond the 28-nm
process node. However, owing to the ultrathin body, the
body potential is easily varied and raised by the ionization
charge, which triggers the parasitic bipolar junction tran-
sistor (BJT). Thus, a large number of electrons are injected
from the source into the drain. The simulation results
shown in Fig. 5 also confirm that the parasitic bipolar
amplification is dominant in the charge collection.

In addition, the body potential raised by the ionization
charge is related to the strike location, and the recovery rate
is also different. Therefore, the bipolar amplification effect
is dependent on the strike location. It is the decisive factor
for the location of the sensitive region.

Compared to the gate center, when the heavy ions are
incident on the drain region, the ionized electrons can be
collected more quickly. Subsequently, a large number of
holes are left and moved to the body region through drift—
diffusion to raise the body potential. The bipolar amplifi-
cation is triggered quickly. However, as shown in Fig. 6,
when the strike location is too far away from the body, the
situation is different. Unlike the holes in the bulk silicon
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Fig. 7 (Color online) Electron and hole density variation in the body region after heavy-ion injection with different strike locations at an LET of

40 MeV-cmZ/mg a, b in a 28-nm device, and ¢, d in a 0.2-um device
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Fig. 8 (Color online) Potential distribution in a a 28-nm device, and
b a 0.2-um device

device that move to the p-well below the drain to raise the
p-well potential, the holes in the FDSOI device must pass
through the long doping drain region to reach the body. In
particular, in the heavily doped region, recombination is
enhanced and mobility is degraded [18]. Therefore, it is
difficult for the holes to reach the body. As shown in
Fig. 7d, the center of the drain (D0.42) in a 0.2-pm FDSOI
device is not sensitive because it is too far from the body
for enough holes to reach the body to trigger bipolar
amplification. In contrast, as shown in Fig. 7b, the center of
the drain (D0.08) in a 28-nm FDSOI device is sensitive
because it is closer to the body. The most sensitive region
in the FDSOI devices must meet two conditions. One
condition is that the ionized electrons can be quickly col-
lected. The other condition is that the holes can simulta-
neously reach the body quickly. As shown in Fig. 7a, c, the
drain region near the gate is most sensitive owing to the
balance of the two conditions.

Figure 8 shows the potential distribution along the
channel length direction at 7 = 100 ps and LET =40
MeV-cm*/mg. Figure 9 shows the SET current. When the
strike location moves from the gate center (GO) to the drain
(Dx), the body potential and the SET current are first raised
and then lowered in both the 28-nm and 0.2-pum devices.
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Fig. 9 (Color online) The SET current in a a 28-nm device, and b a
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Fig. 10 (Color online) Collected charge versus strike location with
various contact locations

The bipolar amplification effect is enhanced when the body
potential is raised. This coincides with the variety in charge
collection when the strike location moves from the gate
center to the drain, as shown in Fig. 4. This proved that the
bipolar amplification effect is the decisive factor in the
charge collection in FDSOI devices.

Simultaneously, as shown in Fig. 8a, in the 28-nm
device, when the heavy ion is incident on the gate center
(GO) or on the drain center (D0.08), the body potential is
similar. Therefore, as shown in Figs. 4a and 9a, the SET
sensitivity on the drain center and the gate center in a
28-nm device is similar. However, as shown in Fig. 8b,
when the heavy ion is incident on the drain center (D0.42)
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in the 0.2-um device, the body potential is almost
unchanged from that before the incident. Therefore, as
shown in Figs. 4b and 9b, the drain center is not com-
pletely sensitive. This phenomenon is consistent with the
analysis above. The drain center is so far from the body
that not enough holes can reach the body to raise the body
potential and trigger the bipolar amplification in the 0.2-um
device.

In addition, the drain contact location is related to the
location of the most sensitive region and the charge col-
lection. As shown in Fig. 10, the contact at the drain center
is denoted as CO, and the contact at x-um from the drain
center is denoted as Cx. The source is in the negative
direction, and the drain is in the positive direction. When
the drain contact is moved toward the drain direction, the
most sensitive region drifts toward the drain and collects
more charge. The ionized electrons in the drain can be
quickly collected in this case, as discussed above.

5 Conclusion

The SET sensitivity and charge collection are strike-
location sensitive because the bipolar amplification effect
is affected dramatically by the strike location. The most
sensitive region in n-type FDSOI devices must meet two
conditions. One condition is that the ionized electrons can
be quickly collected. The other condition is that the holes
can simultaneously reach the body quickly. The most SET-
sensitive region in the FDSOI devices is the drain region
near the gate, owing to the balance of the two conditions.
When the drain contact is moved toward the drain direc-
tion, the most sensitive region drifts toward the drain and
collects more charges. As the semiconductor technology
scales down further, the drain will be more sensitive than
the gate. This work provides some helpful guidance on
suppressing the bipolar amplification effect to mitigate the
SET sensitivity in FDSOI devices.
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