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In this study, we investigate the single-event transient (SET) characteristics of a partially depleted silicon-on-insulator
(PDSOI) metal-oxide-semiconductor (MOS) device induced by a pulsed laser.We measure and analyze the drain transient
current at the wafer level. The results indicate that the body-drain junction and its vicinity are more SET sensitive than the
other regions in PD-SOI devices.We use ISE 3D simulation tools to analyze the SET response when different regions of the
device are hit. Then, we discuss in detail the characteristics of transient currents and the electrostatic potential distribution
change in devices after irradiation. Finally, we analyze the parasitic bipolar junction transistor (p-BJT) effect by performing

both a laser test and simulations.

Keywords: single-event transient, pulsed laser, parasitic bipolar junction transistor, partially depleted silicon

on insulator
PACS: 85.30.Tv, 94.05.Dd, 61.80.Ed

1. Introduction

The development of silicon-on-insulator (SOI) devices
has been motivated by the full dielectric isolation of individual
transistors, which prevents the occurrence of latch-up. More-
over, because the concentration of sensitive charges that ac-
cumulate in SOI ICs is considerably less than that in bulk-
silicon integrated circuits (ICs) SOI ICs are less sensitive to
single-event effects (SEE).!'-31 However, the parasitic bipolar
junction transistor (p-BJT) effect inherent in the main metal-
oxide semiconductor (MOS) transistors reduces the hardness
of the single-event upset (SEU) of SOI ICs, especially those
ICs that utilize partially depleted silicon-on-insulator (PD-
SOI) technology.[*!

SET is a significant error mechanism in high-speed digi-
tal complementary MOS (CMOS) IC devices.!%7! As the tech-
nology node and concomitant voltage scaling, SETs have be-
come a contributor to the soft error rate for submicron devices.
Particle accelerator testing is known as the standard method
to be employed when characterizing the sensitivity of mod-
ern device technology to SEEs.[8] However, accelerator test-
ing is usually expensive and is not easily accessible. For the
past few years, pulsed laser systems have been widely used to
characterize SEE behavior in semiconductor devices and logic
ICs.°-1!1 Studies have shown that pulsed laser excitation may
be a reasonable approximation to ion excitation if the work-

[12

ing wavelength could be chosen properly.l'?! Recently, many

local studies have been done on the SET characteristics of par-
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tially depleted (PD)-SOI MOSFETs.!!3141 Most of them an-
alyze the SET characteristics using simulation tools, and few
results have been obtained using pulsed laser systems.

This paper is arranged as follows. In Section 2, we de-
scribe the tested devices and the pulsed laser system. Then,
in Section 3, we describe and analyze in detail the laser test
results. We also discuss the sensitive region of PD-SOI de-
vices. In Section 4, we use ISE simulation tools to analyze the
SET response when different regions of the device were hit,
and we also discuss the electric field distribution in the device
at different times after irradiation. Finally, in Section 5, we
conclude the paper.

2. Description of experiment setup
2.1. Experimental setup

The pulsed laser system used in this study is utilized at
the Institute of Microelectronics, Chinese Academy of Sci-
ences (IMECAS). Figure 1 illustrates the experimental setup
of the pulsed laser system employed in our experiment. The
laser beam is focused on the device with a 50x microscope
objective, resulting in a 1.2-pum Gaussian spot with a 532-nm
wavelength and 1-kHz repetition rate. As shown in Fig. 1, the
device-under-test (DUT) is fixed on a precise xyz stage to en-
able the DUT to move precisely. The DC-bias of the DUT is
provided by Bias-T, and the SET waveform is captured and
recorded by a 12.5GHz Tektronix oscilloscope.
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Fig. 1. (color online) Experimental configuration of (a) the pulsed laser system and (b) the system photo in IMECAS.

2.2. Tested devices

The transistors used in our experiment arentype devices
because of the obvious SET response compared to P-type
devices under the same radiation conditions.!!>!%) These de-
vices were fabricated at the IMECAS using 0.35-pm PD-SOI
CMOS technology. As shown in Fig. 2, the MOSFETs were
processed on a UNIBOUND SOI substrate with an upper sil-
icon film of 300 nm and a 400-nm-thick buried oxide (BOX)
layer and the gate oxide thickness is close to 3 nm. The pro-
cess involved CoSi; silicide, five layers of Aluminum metal,
and shallow trench isolation (STI).

gate

source

substrate

Fig. 2. (color online) Physical structure of PD-SOI MOSFETs.

We applied two body contacts in the device structure at
each edge along the gate width direction. The devices used in
this experiment are irradiated in the off-state, with the drain
biased at 3.3 V and other electrodes grounded. We tested two
types of transistors, and the layouts are summarized in Fig. 3.
Device_1 has a 0.35-um long gate and a 1.05-pm wide chan-
nel, while device_2 has a 5-um long gate and a 25-um wide
channel.
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Fig. 3. (color online) Layouts of (a) device_1 and (b) device_2; the laser
hit locations are marked in layouts, and the markers do not represent the
actual laser spot size (the body contacts are not shown).

3. Experimental results and discussion

The devices are scanned in the source-drain axis with a
small displacement step by the pulsed laser (20 pJ). The laser-
hit locations are illustrated in the layout schematic in Fig. 3. In
order to test the SET sensitivity of device_1, the metal space
between the source and drain was increased to 10 um. De-
vice_2 in Fig. 3(b) was designed to investigate the SET sensi-
tivity of the body under the gate.

The transient currents of device_1 induced by the pulsed
laser are described in Fig. 4, and the curves of nine hit-
locations (Fig. 3(a)) are distinguished by colors. The curves
have a typical shape with a prompt component and an unappar-
ent tail. The slow tail is usually caused by carrier diffusion.!!”]
If body contact can work efficiently, the duration of the tail will
be short. Owing to the existence of body contacts, the holes
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in the device body could be evacuated immediately and the
floating body effect is suppressed. However, the body contact
is not perfectly efficient because of the resistance between the
body and the contacts.

Drain transient current/mA

—0.85

Time/ns

—0.95

Fig. 4. (color online) Variations of the transient currents when the laser hit
different locations of device_1.

In Fig. 4, as the laser moves towards the drain region,
the peak amplitude of the transient current gradually increases.
When location #6 is hit by a pulsed laser, the peak amplitude
of the drain transient current reached 2.2 mA, which is the
highest during the 9 locations. Considering the laser spot size
and the device dimensions, #5—#6 are located in the vicinity
of the body-drain junction. In the off-state, the body-drain
junction of the device is reverse-biased, and the electrons in-
duced by the pulsed laser could be quickly collected by the
drain electrode with the help of the high electric field. On the
other hand, the holes generated drift into the body region, and
the source-body junction barrier is lowered. Then, the p-BJT
effect is triggered, and results in the electrons from the source
being injected into the body region and being collected by the
drain effectively. In other words, the charges induced by the
pulsed laser are amplified and the transient current increases
largely. When the right-most drain region (#8—#9) is hit by the
pulsed laser, the transient current remains at a relatively low
level. The carriers generated here mostly recombine in the
highly doped drain area, and only a small number of holes are
collected by the doping gradient of the back interface of the
drain. Then, these holes are swept to the body by the electric
field of the body-drain junction. However, the number of holes
is not sufficient to trigger the p-BJT effect. When the left-most
source region (#1—#2) is hit by the pulsed laser, some of the
carriers are collected by the source, and the others mostly re-
combine during the diffusion process. In other words, only a
small number of carriers generated in the source can diffuse
to the drain. In general, fewer charges are collected when the
drain or source region was hit.

The collected charge quantity measured on the drain
when the laser strikes the nine locations in device_1 is shown
in Fig. 5(a). The charge collected by the drain electrode in-
creased as the hit locations move towards the body-drain junc-
tion. Figure 5(b) shows the peak amplitude distribution of the

drain transient current of device_1 as a function of the laser hit
position. We can clearly see that the body-drain junction area
is more SET sensitive than the others. The cross section of PD-
SOI devices must include both the body under the gate and the
drain region. Because the size of the laser spot is larger than
the channel length of device_1, we cannot determine clearly
the sensitivity of the body region. Therefore, we fabricated
device_2 with a large channel length.
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Fig. 5. (color online) (a) Charge quantity calculated by integration of the
transient current (b). The transient peak amplitude as a function of laser
hit locations.

The transient current of device_2 is illustrated in Fig. 6,
and five hit-locations are all located at the body region under
the gate, as shown in Fig. 3(b). Because the bipolar amplifica-
tion effect is more pronounced for the short gate-length tran-
sistor, the transient peak amplitude of device_2 is low. Com-
pared to device_l, the transient currents of device 2 all have
longer diffusion components. The holes that are generated
need more time to diffuse to the body contacts in wide de-
vices (W = 25 um). When the body-drain junction (#5) is hit
by the pulsed laser, the transient current increases to the peak
amplitude of 0.65 mA.

Figure 6(b) shows the collected charge quantity measured
on the drain when the laser strikes the five locations in de-
vice_2. The charges collected also increase gradually with
the laser moving towards the drain as device_1. Moreover,
the prompt response in Fig. 6(b) indicates that when the laser
strikes locations near the depletion region of the body-drain
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junction, the electrons can be rapidly collected by the elec-
trode.
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Fig. 6. (color online) (a) Variations of the transient currents when the laser
strikes different locations of device 2. (b) Charge quantity calculated by
the integration of the transient current.

Reference [18] showed the solution to the diffusion equa-
tion of drain current /(¢), and I(¢) can be modeled as follows:

I(t) = 4I%€n {ae_’/Tl +0.5027—a)e"/??
_ o.s(zn+a)ef/f3J, (1)
cos(a) = [1— (Dy/Dp+1) /B]. 2)

Equation (1) above shows that the drain transient current ()
is proportional to the deposited charge Q, and is inversely pro-
portional to L%, where L represents the bipolar base length and
P is the bipolar gain. Here, the factors that influence () have
the same trend as in our description above. The bipolar base
length of device_2 is larger than that of device_1, and the drain
transient current of device_2 is clearly less.

We can conclude that the body-drain junction and its sur-
roundings are more SET sensitive than the other regions in
PD-SOI devices. When long-channel devices are hit by the
pulsed laser, the body region near the source is less sensitive
than the other short-gate devices. In order to further study the
p-BIT effect, in the next section, we use the ISE TCAD simu-
lation tools.

4. Simulation

In this section, we use ISE simulation tools to illustrate
the phenomenon in the laser test experiment. We used a lim-
ited set of physical models to achieve a trade-off between a
large realistic structure and an affordable simulation time. As
the parasitic elements of the actual device are not considered,
the simulated results may not be comparable with the exper-
imental data. Instead, our goal is to qualitatively analyze the
mechanism involved in the carrier transport process. The de-
vice used in the simulation has the same structure as the de-
vice_l in the laser test experiment.

We used the Heavy Ion module in the ISE TCAD tool
to simulate the charge-deposition process in the PD-SOI de-
vice. The linear energy transfer (LET) was characterized with
the parameter LET_f with a constant amplitude of 0.1 pc/pum.
W used the Gaussian shape spatial distribution for the charge-
deposition process.

Figure 7 summarizes the drain transient currents when the
heavy ion hit different locations. As heavy ions hit the vicinity
of the body-drain junction, most of the charges are collected
by the drain electrode. By comparison, the simulation result
has the same trend as the laser test result. Although the charge-
generation mechanism of the pulsed laser is different for heavy
ions, there is a large degree of similarity in terms of the charge
collection and transport.
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Fig. 7. (color online) Variations of drain transient current when heavy ions
strike different locations obtained during the simulation.

Figure 8 illustrates the transient currents measured at the
source electrode when heavy ions hit different regions of the
simulation device. When locations #2—#4 are hit, the source
current in Fig. 8 is first negative for several dozen picoseconds
after irradiation, implying that the source electrode provides
some electrons to the drain. In other words, the parasitic bipo-
lar is triggered when heavy ions hit the vicinity of the body-
drain junction. After that, the source currents become positive,
implying that bipolar amplification is over. Then, the charge
collected by the source is from the excess electrons from the
body, and the quantity is small. The bipolar amplification is
maintained for 20 ps when heavy ions hit the body-drain junc-
tion, while it is maintained for 15ps for the others.
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Fig. 8. (color online) Variations of source transient current when heavy
ions strike different locations obtained during the simulation.

Figure 9 shows the distributions of the electrostatic po-
tential at different times when the body-drain junction (#3) is
hit. Then, 3 ps after the ion hits, the body potential increases
to 2.5 V. As described above, the hole accumulation leads to
an increase in the body potential. The source-body junction is
forward biased and the p-BJT effect is triggered. After about
10ps, the potential disturbance begins to return to the origi-
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nal status which means that the charge amplification is over.
This result is consistent with the source/drain current trend as
shown in Figs. 7 and 8.

From Fig. 8, it is clear that the source current is nearly
zero when the drain region (location #5) far from the body-
drain junction is hit. The p-BJT effect is not triggered at this
time. Most holes generated at the drain region recombine here,
and only a small part of the holes drift to the body. The source
electrode could not collect any charges after irradiation. When
the source region is hit, the source electrode only collects some
electrons that are generated by diffusion, and the holes are fi-
nally evacuated by the body contacts. Figure 10 illustrates
the distribution of the electrostatic potential at 3 ps when the
source/drain region is hit. Compared to Fig. 9, in both cases,
there is no significant increase in the body potential after irra-
diation, which means that the parasitic effect is not triggered.
Furthermore, it is clear that the ion irradiation only changes
the source/drain potential. This result is consistent with the

analysis above.

1 ps after ion strike

10 ps after ion strike

Fig. 9. (color online) Distributions of electrostatic potential at (a) 0 ps, (b) 1 ps, (c) 3 ps, and (d) 10 ps when the body-drain junction (location #3) was hit.

source

3 ps after ion strike in sorce region

(b)

3 ps after ion strike in drain region
Fig. 10. (color online) Distributions of electrostatic potential at 3 ps when
(a) the source region (#1) and (b) drain region (#5) was hit (legend is the
same as Fig. 9).

After the simulation analysis, we can conclude that when
the body-drain region and its vicinity are hit, the p-BJT effect
is triggered, and the charges that are generated are amplified.
The heavy-ion simulation and the pulsed laser test experiment
have a large degree of similarity in terms of charge collection
and transport.

5. Conclusion

In this paper, we studied the SET characteristics of PD-
SOI MOSFETS using the pulsed laser system and ISE 3D sim-
ulation tools. The experimental results obtained for device_1
indicate that the drain transient current reached the highest am-
plitude of 2.2 mA when the laser hit the body-drain region.
For short-channel devices, both the body-under-gate and the
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drain region are sensitive to the SET effect. We found that
the p-BJT effect amplifies the charges when sensitive regions
are hit by the laser. 3D simulation tools illustrate the tran-
sient currents collected by the source and drain. The tran-
sient current result obtained by performing the simulation has
the same trend as that obtained with the laser experiment.
Moreover, the body electrostatic potential distribution after
irradiation confirmed that the increase in the body potential
is caused by hole accumulation. The body-drain junction is
the most sensitive region in PD-SOI MOSFETs, and the p-
BIJT effect should be minimized to decrease the SET current.
These results have good practical significance for the study
of radiation-hardening technology of other semiconductor de-
vices and integrated circuits.
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