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This letter investigates abnormal degradation behavior after hot-carrier stress in partially-depleted silicon-on-
insulator n-channel metal-oxide-semiconductor field effect transistors. It is found that the hot-carrier-induced
degradation under floating body (FB) operation is more serious than that under grounded body (GB) operation
due to the floating body effect (FBE). Furthermore, the degradation is independent on temperature under GB op-
eration, because impact ionization is virtually independent on temperature under large Vp. However, the degra-
dation under FB operation becomes less serious with increasing temperature. This is due to a smaller source/body

PN junction band offset at a high temperature, which causes fewer accumulated holes at the body terminal and

reduces the FBE.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Recently, electronic products combining display panels [1-6],
memory devices [7-34], and portable devices have become more popu-
lar for consumers. These electronic products are mostly composed of
MOSFETs. However, there are many problems in conventional bulk-Si
MOSFETS, such as latch-up, parasitic junction capacitances, short chan-
nel leakage and punch-through. The silicon-on-insulator (SOI) structure
is a valid solution to these problems. The main advantages of SOI are re-
lated to the improved isolation and reduced parasitic junction capaci-
tance, resulting in a reduced subthreshold swing, low leakage current,
high operation speed, and low power consumption. Nevertheless,
there are some drawbacks of the SOI structure, such as self-heating
and the floating body effect (FBE) [35-37]. In addition, as the devices
are scaled down, the SOI structure also suffers from severe hot-carrier
effects (HCE). HCE in SOl MOSFETs has been extensively researched
under grounded body (GB) operation [38,39]. Since the floating body
potential may interact with the impact-ionization phenomenon, HCE
is even more complicated in SOl MOSFETs [40-43]. Consequently, it is
essential to clarify the mechanism of hot-carrier-induced degradation
under FB operation.
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In this letter, to investigate the influence of FB potential, hot-carrier-
induced degradations under GB and FB operations are compared in
partially depleted (PD) SOI MOSFETs. Experimental data show that the
hot-carrier-induced degradation has different temperature dependence
under FB and GB operations, indicating that a different mechanism
dominates the degradation under FB and GB operations. The mecha-
nism of FBE on hot-carrier-induced degradation is proposed and veri-
fied in this paper.

2. Experiment

Using 65-nm SOI CMOS technology, PD SOI n-type MOSFETs are
employed with a T-gate structure to investigate the hot-carrier degrada-
tion at different temperatures under GB and FB operations. The silicon
film and buried oxide thicknesses for the devices are 75 and 145 nm,
respectively. The gate oxide with a thickness of 1.2 nm was grown by
in situ steam generation, with the channel doping concentration being
about 3 x 10'® cm™3. The channel currents follow in the <110> direc-
tion on (100) substrates. In this letter, devices with a channel width of
1 um and a length of 0.15 um were selected. Hot-carrier stress was car-
ried out with either GB or FB operation to study the hot-carrier-induced
degradation. To further investigate the impacts of FB operation, Ip-Vp
output curves and the PN junction across the source and body terminals
are characterized at temperatures ranging from 140 K to 385 K. All [-V
curves were measure during an Agilent B1500 semiconductor parame-
ter analyzer.
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Fig. 1. Hot-carrier-induced degradation of saturation Ip measured with Vp = 1 V under
reverse-operation mode (source/drain interchanged) versus stress time at different
temperatures under (a) GB and (b) FB operations. The inset of (b) shows the comparison
of saturation Ip degradation between GB and FB operations under reverse-operation as a
function of temperature.

3. Results and discussion

Hot carrier stress (HCS) is carried out with V¢ at the maximum of
body current and Vp = 2.4 V. Fig. 1 shows hot-carrier-induced
degradation of saturation Ip measured with Vp = 1 V under reverse-
operation mode (source/drain interchanged) (Ipsa(r)) versus stress
time at different temperatures for the PD SOl MOSFETSs. Fig. 1(a) shows
that Ip (1) degradation after GB-HCS is independent on temperature,
whereas Fig. 1(b) shows that the degradation after FB-HCS becomes
less significant with increasing temperature. It can be clearly observed
that the Ip s4(r) degradation under FB-HCS is more serious than that
under GB-HCS at lower temperatures, becoming insignificant at high
temperature, shown in the inset of Fig. 1(b).

To further verify the mechanism of greater degradation under FB
than that of GB, fast -V measurement is performed. Compared with
DC I-V, fast I-V measurement can shorten the measurement period
from a few milliseconds to a few microseconds. Before stress, DC [-V
and fast I-V measurements are both carried out under FB operation,
and the initial characteristics are found to be identical. After 10 s of
stress, fast -V is performed instantaneously at the end of stress to in-
vestigate the transient phenomenon right after HCS, and then followed
by a DC I-V measurement. Fig. 2 shows these fast I-V and DC I-V
measurements before and after stress under FB operation. Unlike the
conventional DC I-V that reveals a drain current deterioration after
stress, as shown in Fig. 2(b), fast I-V shows a drain current rise after
FB-HCS, shown in Fig. 2(a). This can be attributed to the fact that
impact-ionization-generated holes are injected into the floating
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Fig. 2. Ip-V transfer characteristic curves by fast [-V measurement with drain voltage of
50 mV under hot carrier stress for 0 s and 10 s at 30 °C under (a) fast I-V and (b) DCI-V
measurements.

substrate, and the increase of substrate potential gives rise to a reduc-
tion of threshold voltage which leads to transient drain current increase
in fast [-V measurement. Since the measurement is fast enough, the
increase of drain current due to the FBE can be detected via fast I-V, as
in Fig. 2(a). Because the accumulation of holes in the body reduces
threshold voltage and results in the extra injection of electrons into
the channel for impact ionization, degradation under FB is more serious
than that under GB operation.

To further verify the effects of temperature on HCE under GB opera-
tion, body current with Vp = 2.4 V (stress condition) is measured and
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Fig. 3. I;-V; at different temperatures with Vp = 2.4 V under GB operation. Inset shows
the Iz-V¢ curves with Vp = 1 V under GB operation.
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shown in Fig. 3. Corresponding to the Ip degradation which is indepen-
dent on temperature, it can be clearly observed that body current with
Vp = 2.4 Vis also independent on temperature. Accordingly, the degree
of hot-carrier-induced degradation is dominated by impact-ionization
rate. On the contrary, Ig measured with Vp = 1V increases with increas-
ing temperature, shown in the inset of Fig. 3. This is because channel
electrons do not have sufficient energy for impact ionization, and tem-
perature significantly enhances impact-ionization at low Vp [44]. There-
fore, at high temperature, even though carrier mobility and Ip are
degraded, Ip still increases. Nevertheless, since channel electrons have
sufficient energy for impact-ionization under high Vp, the impact ioni-
zation rate is insensitive to temperature. As a result, it is clear that
hot-carrier-induced degradation under GB operation at different tem-
peratures is dominated by the degree of impact ionization. However
the origin of the temperature dependence of hot-carrier-induced degra-
dation under FB operation is not yet clear.

Fig. 4(a) shows dual sweep of the Ip-Vp output curves at low and
high temperatures under FB operation. Because of the FBE, I suddenly
rises in the saturation region [45]. Since the holes generated due to im-
pact ionization at the body terminal cannot be recombined instanta-
neously, there is a drain current difference between the forward- and
reverse-sweep, which is defined as Iy;y. In order to understand the im-
pact of temperature on FBE, I,y is investigated at different tempera-
tures. Obviously, Iy is large at low temperature and is small at high
temperature. It can be inferred that there are more holes at the body ter-
minal at low temperature. However, the smaller I at low temperature,
shown in Fig. 3, contradicts with this inference of more generated holes
at low temperature in Fig. 4(a), since a smaller Iz should theoretically
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Fig. 4. (a) Dual Ip-Vp sweeps at low and high temperatures under FB operation, and
(b) source/body PN junction with Vg = —0.3 to —0.8 V, Vg = 0 V and floating gate and
drain at different temperatures.

result in fewer holes. Fig. 4(b) shows the I-V characteristics of the PN
junction across the source (N) and body (P) terminals at different tem-
peratures with Vs = —0.3t0 0.8 V, Vg = 0V and floating gate and drain.
The V,, is defined as the source voltage when the forward-bias junction
current equals 1 nA, and V,, difference at different temperatures is
defined as ¢p.

The equation of drain current in the saturation region can be simpli-
fied and expressed as:

\W
Ip = 5y WCox(Vo V)’ (1)
VipeVe—Vy )
vV lkinkoc(»va (3)

where W and L is the channel width and length, respectively, pis the
carrier mobility, Cox is the gate oxide capacitance per unit area, and Vt
is the threshold voltage. Eq. 3 shows that Iy, is proportional to ¢g,
and the relationship between Iy, and ¢ is plotted, as shown in Fig. 5.
Fig. 5 shows the Iy — ¢g plot at different temperatures ranging from
140 K to 385 K, and the result exhibits an obvious linear dependence.
Thus, based on the aforementioned investigation, the anomalous tem-
perature dependence of FB-HCS-induced degradation can be elucidated
as follows. The Fermi-levels both in the source and body are far from the
intrinsic Fermi-level at low temperature, and approaches the intrinsic
Fermi-level with increasing temperature, as in the inset of Fig. 5. There-
fore, the PN junction is wider and ¢g is large at low temperature and
vice versa at high temperature. Furthermore, because of small ¢g at
high temperature, the ability of the PN junction to retain holes is poor
and therefore the kink effect is less significant. As a result, the degree
of hot-carrier-induced degradation under FB operation at different tem-
peratures is dominated by the ability to retain holes at the source/body
PN junction.

4. Conclusion

This paper investigates the behavior of hot carrier-induced-
degradation at different temperatures under GB and FB operations in
PD SOI n-MOSFETSs, and finds that the degradation under FB is more
serious than that under GB operation due to the floating body effect.
The hot-carrier-induced degradation is independent on temperature
under GB operation, whereas the degradation under FB operation be-
comes less significant with increasing temperature. This is due to the
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lessened ability to retain holes at the source/body PN junction at high
temperature and the resultant insignificant FBE. According to this study,
hot-carrier-induced degradation under GB operation at different temper-
atures is dominated by the impact ionization rate, while the degree of
degradation under FB operation is dominated by the ability to retain
holes at the source/body PN junction.
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