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ABSTRACT We introduce experimental results of the I-V degradation characteristics of a Silicon SOI
technology for RF applications when stressed under both; a 28 GHz and a DC stress input signals.
Then we compare the effect of DC and RF stress on threshold voltage, transconductance, and drain
current capability. We observe that reliability under RF stress is gate voltage dependent, and in some
cases an improvement (“healing”) of the I-V characteristics is observed. A hypothetical explanation for the
degradation/enhancement under RF stress is attributed to a self-heating and self-healing (SH?) mechanism.
The degradation mechanism is also simulated, and the reliability model tested, with Cadence.

INDEX TERMS SOI, FET, 28 GHz, degradation, reliability.

I. INTRODUCTION

The SOI RF technology is considered as a candidate for
the integration of 5G communication functions, such as RF
power amplification [1], [2], where the circuits and tran-
sistors are operated under high-electric field stress and heat
generation. Under such an operation condition, the threshold
voltage, the transconductance, and the output conductance,
degrade, which negatively impacts on the RF performance
of amplifiers. Therefore, a reliability study under RF and
DC conditions is a must. Thus, in this paper we intro-
duce experimental work at both DC and 28 GHz stressing
conditions, and run reliability simulations with the Cadence
RelXpert model [3], where the model is compared to experi-
mental results. The simulations are compared to experimental
data with and without seltheating (SH), where we found that
SH is less relevant in the subthreshold regime than in strong
inversion when predicting device ageing.

Il. EXPERIMENTAL
TECHNOLOGY

Partially depleted SOI FET devices from a commercial
45nm node technology where measured under DC and
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28 GHz stress conditions. The device is a Ground-Signal-
Ground (GSG) RF transistor with a (W/L) geometry ratio of
(40 wm/40 nm), and a nominal operation voltage of 0.8 V.

The FET ageing process is accelerated by applying an
overvoltage of Vd = 1.6 V and a Vg = 0.8 V at stress
time periods of 100, 300, 1000, 2000, and 3000, sec-
onds, at room temperature. In some cases we extend the
stress time up to 8000 seconds. The 28 GHz RF signal
of an input power of —20 dBm is superimposed on the
DC input Vg = 0.8 V, while the Vd is set at 1.6 V. The
B1500A Keysight Semiconductor Device Analyzer (SDA),
for DC biasing and I-V recording, is configured with an
E8361A Keysight Vector Network Analyzer (VNA), which
is used for RF stress and S-parameters recording as well.
The data was taken from 5 different samples, and we only
show the most representative data. Overall, the performance
variation between different samples is not larger than 10 %.

Figures 1, 2, 3 and 4 show the measured degraded
electrical characteristics, where a bias dependence of the
degradation is evident. For instance, as shown in Figure 1, the
degradation of the Id current Ald is more pronounced at low
Vg bias condition. In the subthreshold regime (Vg<0.3 V)
the degradation is in the order of 65 a.u., while in the strong
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FIGURE 1. Measured Id and degradation Ald versus Vg at Vd = 0.1 V for
DC stress times of 100, 300, 1000, and 3000 s.
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FIGURE 2. Measured Id and degradation Ald versus Vg at Vd = 1.0 V for
stress times of 100, 300, 1000, and 3000 s.

inversion (Vg>0.6 V), the AId degradation is in the order
of 20 a.u.. The experimental data of Figure 1 is for the FET
device biased at Vd = 0.1 V, where hot carriers are not
expected to show up.

When Vd is set to 1.0 V (see Figure 2), the kink effect
shows up for 0.35 V <Vg< 0.85 V intervals, which is the
fingerprint of hot-carriers. Again, in this case the degrada-
tion is larger at low Vg values (65 a.u.), but lower in the
hot-carrier regime (0.35 V <Vg<0.85 V) (20 a.u.). The step
in Ald shown in Vg = 0.35 V and Vg = 0.85 V, correspond
to the onset and offset of the hot-carrier regime. The dis-
continuity of Ald at about Vg = 0.35 is caused by the shift
of the hot carrier regime toward large Vg values at different
stress times.
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FIGURE 3. Measured Id and degradation Ald versus Vd at Vg = 0.1 V for
DC stress times of 100, 300, 1000, and 3000 s.
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FIGURE 4. Measured ADIBL as a function of stress time under DC and RF
stress condition.

The drain-induce-barrier-lowering (DIBL) [4] effect is evi-
dent from Figure 3, where a large exponential injection of
electrons from the source over the lowered channel barrier
is shown as Id. The DIBL increases with the stress time
as shown in Figure 4. When stressed under RF condition,
the ADIBL increase is larger than when stressed under DC
conditions. An immediate conclusion is that the RF stress
increases the source-drain potential barrier.

The AId drain current degradation, in the subthreshold
regime, is almost independent of Vd. However, in strong
inversion at Vg = 1.0 V, the drain bias dependence is evident
(see Figure 5). The sharp transition shown by Ald at Vd below
0.2 V is correlated with the output conductance modulated by
the degradation as shown in Figure 6. The output conductance
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FIGURE 5. Measured Id and degradation Ald versus Vd at Vg = 1.0 V for
stress times of 100, 300, 1000, and 3000 s.
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FIGURE 6. Measured output conductance G and Ald for Vg = 1.0 V, stress
time t = 3000 s, under DC stress.

G shows a slope change just at the sharp transition of Ald
as indicated by the extrapolated straight lines.

Below that sharp transition, at Vd<0.12 V, the degra-
dation AId increases linearly. A shown in Figure 5, the
sharp transition shifts to larger Vd values as the stress time
increases.

This is attributed to the threshold voltage Vr shift. When
the device is stressed with a RF signal, the degradation Ald
is larger than under DC stress, and even shows a recovery
for stress times larger than 3000 s as depicted in Figure 7.
The degradation Ald shows a saturation trend between 3000
and 4000 seconds, and then rolls down at t = 8000 s. The
roll down of AId for t>3000 s is interpreted as a healing
effect, i.e., a reduction of interface traps by annealing. The
Ald degradation under DC conditions is shown in Figure 8.
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FIGURE 7. Measured Ald as a function of Vd for Vg = 1.0 V, under RF stress
condition.
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FIGURE 8. Drain current degradation Ald versus stress time for Vd = 0.1 V
for different Vg voltages under DC stress.

This is for Vd = 0.1 V, and Vg = 0.2, 0.4, 0.6. 0.8, and
1.0 V. The degradation follows the power law

Ald[a.u.] = at’ )

as expected. When the device is stressed under RF condi-
tions, the degradation Ald deviates from the power law as
shown in Figure 9.

The power law is fulfilled for Vg<0.6 V. For Vg=>0.6 V,
Ald deviates from the power law and rolls down for t
>3000 s. The stress time of 3000 seconds signals the time
where the degradation reduces.

11l. ANALYSIS AND MODELLING

Because of the long time required for the DC/RF reliability
experiments, a statistical analysis was conducted in only
3 different samples from the same process run. The threshold
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FIGURE 9. Measured Ald degradation versus stress time under RF stress
condition.
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FIGURE 10. Measured Ald versus stress time under RF stress for three
different samples (symbols). Vg = 1.0 V, Vd = 0.1 V. Samples a, b, and ¢,
stressed under RF condition are shown in symbols.

voltage VT, the transconductance gm, the drain on-current
Ion, and the drain off-current Iog, showed a variability of
10 a.u., 15 a.u., 12 a.u., and 28 a.u., respectively. The V1 was
extracted using the Id constant value of 1 pA at Vd =0.1V,
while the transconductance was extracted at the point of the
maximum value of the dId/dVg derivative.

For the specific case of RF stress, three samples named a,
b, and c, were stressed for up to 8000 seconds, with an RF
input signal of —20 dBm superimposed on a Vg = 0.8 V
and a Vd = 1.6 V. The drain current Id was monitored at
the bias condition of Vg = 1.0 V and Vd = 0.1 V. The
measured Ald degradation versus stress time is shown in
Figure 10. The roll down of AId after 3000 s is verified in
at least three different samples. In average, Id at t = 8000 s
recovers back to the same value at about t = 300 s.
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FIGURE 11. Measured Id-Vg curve for Vd = 0.1V, for stress times t = 0,
3000, and 8000 s. The dashed line corresponds to the device stressed for
8000 s and measured 4 days after being saved in a box.

In the 100-1000 s period of time AId follows a power
law. However, for t >1000 s a moderate deviation from the
power law is shown, which is indicated by the dashed line
“saturation trend”.

From 3000 s onward AId rolls down, which is marked
with the “roll down trend” dashed line.

In summary, we can say that two mechanisms working
against the other are shown; one mechanism that tends to
degrade the device, and another one that competes to heal
the device. We interpret the Ald roll down as regeneration or
healing of the device. Indeed, the devices that were stressed
for 8000 s, were unplugged from the test equipment, and
saved in a box for four days. After 4 days the device was
measured again. The I-V characteristics were measured again
and compared to those at t = 0, 3000, and 8000 s, as shown
in Figure 11. The dashed line corresponds to the device
that was saved in a box, after being stressed for 8000 s.
The difference between these two measurements is negli-
gible. This minimum difference reinforces the fact that the
8000 s stressed device suffered a stable reversible regener-
ation, or in other words, a device healing. The saturation
of current degradation versus stress time Ald-t, shown in
figures 9 and 10, as been explained in [5] as the contribu-
tion of two components: one called permanent degradation
given by the interface trap generation with electron trapping,
and a second one called recoverable attributed to hole trap-
ping/detrapping. And as mentioned in the same reference,
the permanent degradation is a dominant characteristic of
digital circuits, but not the only one in other applications
such as in power amplifiers. Thus the degradation model
shown in equation (1) should be modified to account for the
recoverable component.

Ald[a.u.] = at®b0 2)
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FIGURE 12. Calculated Ald-t curve as per the model of equation (2).
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where b’ is the recoverable factor that models the saturation
and roll down effect as shown in Figure 12.

The model of equation (2) is a first simple approach
that yet requires accounting for temperature dependence as
pointed out in [5]; the recoverable component has lower
temperature activation energy than that of the permanent
mechanism. Therefore, if the device temperature is raised
because of selfheating effect [6], the recoverable mechanism
could be activated earlier than that of the permanent one, and
might enter into competition with trap annealing [7]. In [7]
trap annealing has been observed to occur at 170 °C for
annealing times as short as 1000 s (see Figure 13). However,
the anneal kinetics is also a function of the crystal orienta-
tion, where <100> interface anneals faster than <111>. On
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FIGURE 14. Experimental (continuous line) and Cadence simulation
results (dotted and dashed lines) at t = 3000 s.

top of the crystal orientation, the geometry of the transistor
needs to be accounted for the reliability model [8]. In [8]
the magnitude of the degradation as well as the saturation
of the drain current degradation is a function of the FinFet
width.

A Cadence simulation with the RelXpert module was
conducted. The simulations were run with and without self-
heating effects. The results are shown in Figure 14. A Ald-t
simulation predicts a power law relationship as that of
Figure 8. However, as shown in Figure 14, a simulation
including selfheating underestimates the degradation, while
overestimates it when selfheating is accounted for.

IV. CONCLUSION

In general, the magnitude of the drain current degrada-
tion AId for both, DC and RF stress is similar. However,
under RF stress the degradation deviates from the power
law relationship. As seen from experimental data, the Ald-t
relationship tends to saturate at stress times longer than
2000 s, and rolls down for t > 3000 s. The saturation
of AId is attributed to a recovery mechanism competing
with a permanent degradation mechanism. The permanent
degradation is associated to trap generation with elec-
tron trapping, while the recovery mechanism is associated
to hole trapping/detrapping. However, the roll down of
Ald cannot be explained by the sole hole presence of
trapping/detrapping mechanism. The selfheating mechanism
might be also playing a role by raising the device local
temperature, prompting to a local trap annealing effect in
addition of an early triggering of hole trapping/detrapping.
However, in this experimental work we were not able to mea-
sure the local temperature because of a lack of an on-wafer
temperature sensor. However, the Cadence simulation points
out to a recalibration of the selfheating model within the
Cadence/SPICE model. Making the b slope a time-dependent
function that can predict the deviation of the Ald-t from the
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power law relationship. From the circuit simulation point of
view, this can be a simple straightforward solution for fast
reliability simulations.
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