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Abstract

The hot carrier effect of 130-nm partially depleted SOI
pMOSFETs fabricated on wafer modified by silicon ions im-
plantation is reported in this paper. Due to the electron traps in
the buried oxide, the degradation induced by hot-carrier injec-
tion is anomalous. Specifically, at low V, stress, the positive
degradation of modified pMOSFETs is faster and more serious
than control devices, and huge leakage current is found after a
period of stress time. Moreover, at a V, = Vy stress, the control
pMOSFETs present lightly negative degradation, while the
modified pMOSFETs present enormous positive degradation.
Finally, a reasonable interpretation is proposed that the deep
electron traps in the buried oxide can capture hot electrons
during the stress, which will cause the back channel exhausted
even inversed and enhance the coupling effect between the
front gate and the back gate.

Key words: Hot-carrier effects, PD-SOI, pMOSFETs, silicon
ions implantation.

Introduction

SILICON-on-Insulated (SOI) device has important applica-
tions in radiation-hardened military and space field due to its
inherent advantages of small capacitance, superior subthresh-
old characteristics, eliminating the latch-up effects, excellent
resistances to irradiation, etc. [1]. However, since the thick
buried oxide layer (BOX) could trap positive charges included
by radiation, the SOI devices are more sensitive to total dose
radiation environments than bulk-silicon devices [2]. Fortu-
nately, implanting silicon ions into the BOX is a proved method,
reported by many paper, which can form silicon nanometer
clusters in the box as deep electron traps to capture electrons to
compensate the trapped positive charges during irradiation [3],
[4]. Nevertheless, few literatures have detailed the threat to
device reliability caused by these deep electron traps. In this
paper, we focus on the degradation induced by hot-carrier
injection in 130-nm partially depleted SOl pMOSFETs fabri-
cated on wafer modified by silicon ions implantation and reveal
its different degradation compare with normal devices.

Experimental details

doi: 10.35745/icice2018v2.011

The control wafer used in our experiment is 200-mm diam-
eter UNIBOND® wafer from SOITEC Corporation with
100-nm top silicon and 145-nm BOX thickness. And the
modified wafer is fabricated by implant silicon ions into the
BOX. All the devices are fabricated on the 130 nm partially
depleted SOI technology with typical shallow trench isolation.
T-shape gate is used for body contact. The thickness of gate
oxide is about 6.4 nm and the operating voltage is 3.3V. The
length of the devices is 10 um, and the width is 0.3 pm. All the
experiments were performed on wafer level with back gate
grounded. /;-V, curve and saturation drain current (/s) were
measured after a stress time of 10s, 30s, 50s, 100s, 300s, 1000s
and 3000s. Then, V;and G, mer Were determined according to
the 1;-V, curves. For eliminating the impact of the measurement
process, the gate voltage was just sweep to -1.5V while drain
voltage was fixed at -0.1V to get /;-V, curve, and one-point test
process was applied to get lu, i.e., lss was directly measured
after high voltages being applied to the gate and drain, rather
than sweeping drain voltage to -3.3V while gate was fixed at
-3.3V.

Result and discuss

A. Low Vg stress

Firstly, low Vg stress (Vy=-0.62 V, V;=-4.8 V) was imposed
on the pMOSFETs until 3000s.

Fig.1 shows the I4-Vy (Va = -0.1 V) characteristics of these
pMOSFETs fabricated on control and modified wafer after
different stress time. For control devices, the 1V, curves have
a lightly positive shift after stress. However, for modified de-
vices, apart from more enormous positive shift, huge leakage
current is observed after a period of stress time. The stress time
dependence of the shift of V3, 14, and Gy, max 1s shown in Fig.2.
As a matter of convenience, we define a positive degradation as
|Vi| decreasing, 14, and Gy, max increasing. On the contrary, the
negative degradation is defined as | V| increasing, I and G, max
decreasing. As shown in Fig.2, the positive degradations of V;
and I of modified devices are nearly two times greater than
those of control devices, which confirms the different shifts of
1+Vy curves in Fig.1. However, the shifts of G, max are com-
parable between these two kinds of devices, indicating that the
degradations of the gate oxide between them are at the same
level.

This can be simply explained as the following. At low stress

V,, for control devices, the hot electrons induced by impact
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Fig.1 I+-Ve (Va=-0.1 V) curves of the pMOSFETs fabricated on

control (a) and modified (b) wafer after a stress time of 10s, 30s, 50s,
100s, 300s, 1000s and 3000s (stress condition: Vg=-0.62 V, Va=-4.8
V).

ionization and interface traps are the dominant mechanism of
the device degradations. These hot electrons, trapped at the-
interface near the drain, leads to a decrease of the effective
channel and positive degradation. Nevertheless, the interface
traps can reduce the mobility of the channel carrier. Finally, a
positive degradation emerges because the latter’s influence is
masked by the former [5], [6]. On the other hand, the electron
injection can also happen at the Top-Si/BOX interface. How-
ever, due to the high quality of the interface of UNIBOND SOI
wafer, its influence to the front channel of partially depleted
SOI devices is small [6], [7].As for modified devices, the
degradation of the gate oxide is similar to the control devices,
while the degradation of the back channel is of great different.
According to the previous papers, Silicon ions implantation can
form silicon nanometer clusters in the box as deep electron
traps. While, at the meantime, the implantation also induces
amount of shallow electron traps near the Top-Si/BOX inter-

face [8]. It can be speculated that this abnormal degradation
and huge leakage current is induced by those electron traps.
Firstly, when the voltage of the drain terminal is stressed at a
high level (Vo= -4.8 V in this paper), amount of hot electrons
are created by impact ionization due to the strong electric field
strength along the channel. And the generated electrons are
swept away by the drain terminal. Next, these hot electrons
induced by impact ionization can be easily captured by the
shallow electron traps near the Top-Si/BOX interface. More-
over, the electron traps in the BOX can also capture electrons
tuning into the BOX under the vertical electric field. These
captured electrons cause the back channel exhausted and en-
hance the coupling effect between the front and back gate,
which leading to the enormous positive degradation. And,
when the devices are stressed long enough, these trapped
electrons even cause the back channel inversed. Thus, the
devices become unable to shut off.
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Fig.2  Stress time dependence of V4, las, and Gm, max degradation for
control and modified devices (stress: Vg =-0.62 V, Vy=-4.8 V).

B. High V, stress

Else, high V, stress (V= Va= -4.8 V) is also imposed on
these different devices.

The 14-Vy (Va=-0.1 V) curves of them are shown in Fig.3.
The control devices have extremely tiny negative shift. But the
modified devices still show obvious positive shift. And the
stress time dependence of the shifts of Vi, Iy, and Gy, max are
shown in Fig.4. For control devices, the negative shifts of V;,
and Iy are too lightly to distinguished. Luckily, the G, max
shows a largish reduction. However, the modified devices still
present a huge increasing of V;, and /5, while the G, max appears
a reduction after the initial increasing.

At high stress V,, for the control devices, there is no longer
any electron trapping happened, and the interface traps plays an
important role of the negative shift by reducing the mobility of
the carriers [9]. For modified devices, on the one hand, there
are still number of hot electrons induced by impact ionization
being trapped by the electron traps near the Top-Si/BOX in-
terface. And this trapped electrons cause the positive degrada-
tion of the V; and I4. However, for the Gy, max, the initial in-
creasing is a result of the severe reduction of the V;, and the
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Fig.3  1s+-Vg (Va=-0.1 V) curves of the pMOSFETs fabricated on
control (a) and modified (b) wafer after a stress time of 10s, 30s, 50s,
100s, 300s, 1000s and 3000s (stress condition: Vg = Va=-4.8 V).

subsequent decreasing reveals the degradation of the carriers’
mobility same as the control devices. On the Others hand, as
shown in Fig.5, the substrate current under high stress V, (V, =
Vi=-4.8 V) is several order of magnitude smaller than that
under low stress V, (Vy = -0.62V, Vg = -4.8 V), which means
that the quantity of the trapped electrons in the BOX under such
high stress V is also several order of magnitude smaller than
that under low stress. Therefore, the trapped electrons are not
enough to cause the back channel inversed. That’s why no
obvious increasing of leakage current is found after a long
stress time.

Conclusion

The degradation induced by hot-carrier injection in 130-nm
PD SOI pMOSFETsS fabricated on wafer modified by silicon
ions implantation has been present in this paper. Silicon ions
implantation will induce amount of shallow electron traps near
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Fig.4  Stress time dependence of V4, las, and Gm, max degradation for
control and modified devices (stress: V= Vy=-4.8 V).
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Fig.5 Ir-Vg(Va=-4.8V) curves of the modified devices. The 7 at V=
-0.62V is an order of that at Vo= -4.8V.

the Top-Si/BOX interface and deep electron traps in the BOX.
And these electron traps, especially the former, can easily
capture hot electrons induced by impact ionization. At low
stress V,, the numerous trapped electrons make the back
channel exhausted even inversed and enhance the coupling
effect between the front and back gate, which induces a faster

and more serious positive degradation and huge leakage current.

And at high stress V,, due to the fact that the quantity of the
trapped electrons in the BOX is several order of magnitude
smaller, the trapped electrons are not enough to cause the back
channel inversed. Thus, only enormous positive degradation is
still observed while without an obvious increasing of the
leakage current.
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