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Abstract

An increasing demand for high-speed processing and integration has pushed device
engineers to continue with device scaling. But several phenomena are responsible for
the degradation of transistor performance, i.e.,, hot carrier degradation (HCD), bias
temperature instability (BTI), time-dependent dielectric breakdown (TDDB), and
electromigration (EM). Front-end modules such as Power Amplifiers (PAs), Switches,
and Low Noise Amplifiers (LNAs) operate at large RF signals, and the drain terminal
experiences a bias of more than twice the power supply voltage (Vo) due to large
voltage swings. In the case of PAs, depending on their class, the peak of drain voltage
could even reach twice or thrice the nominal supply voltage. Such high voltages at the
drain terminal of n-channel MOSFETs are known to generate HCD where strong lateral
electric field near the drain increases the energy of carriers which leads to impact
ionization, trapping of carriers, and interface state generation. These voltage swings that
cause a change in degradation mechanisms can be impacted by the varying continuous
wave (CW) frequencies. The analysis of reliability behaviour at elevated temperatures
also becomes critical to be explored due to increased power dissipation, which reduces
the lifetime and performance of devices and circuits. Thus, the temperature dependence
on the small and large-signal reliability performance of PA is also required for real-
world product front-end applications.

In this thesis, an extensive experimental analysis of hot carrier degradation
(HCD) due to DC and large-signal RF stress on an n-channel FET based power amplifier
(PA) cell in the sub-7GHz frequency band is done. Through this work, an attempt is
made to explore differences in hot carrier degradation mechanisms between DC and RF
stress conditions. Generation of defects and their types, i.e., whether oxide or interface
traps, are understood using a combination of RF and DC stress conditions. To further
observe the impact of large-signal stress for mmWave applications, DC and RF stresses
are applied in conducting and non-conducting hot carrier stress modes at a CW of
26.5GHz. Itis observed that a change in CW frequency alters the shape of voltage swings

which changes the degradation mechanisms and severity of degradation in PA. To
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understand different degradation mechanisms, simulation of devices and circuits is also
done using the PDK models correlated with experimental data.

As the reliability of the p-FETs is superior to n-FETs, a comparative large-signal
reliability investigation is carried out between p-FET PA and n-FET PA for mmWave
applications and is found that that the RF reliability of the p-FET PA cell is superior to
its counterpart n-FET PA cell. Accelerated temperature worsens the reliability
performance and thus the large-signal reliability of PA cell for accelerated temperatures
is explored. The degradation mechanism for a p-FET based PA involves trapping hot
holes in pre-existing traps and the generation of new traps in the oxide due to hot holes.
A non-linear relationship between DC and RF figure of merits is investigated for the
increasing temperature. For an n-FET based PA, it is found that the unity gain
frequencies are also temperature sensitive and show high degradation at elevated
temperatures. It is observed that the lifetime is more than ten years when the PA
operates at room temperature, which deteriorates as the measurement chuck
temperature rises. Further the impact of RF frequency on the DC and large signal
reliability performance of a single n-FET based power-amplifier (PA) cell for three
different frequency bands, ie., Ku, K, and Ka band is investigated. The overall
performance of the PA cell is superior in the Ka-band but the performance degradation
due to reliability mechanisms is also more in this band. It is observed that to achieve
superior performance and reliability, a PA cell should be operated at high-frequency
bands and the stress power should be kept below P1dB values.

After a detailed reliability study on PA cell, the degradation mechanisms in RF
switches for 45nm RFSOI technology under DC and RF stress modes are also
investigated in this thesis. A single pole single-throw RF switches using thin and thick
gate oxide in series stacked configurations using Ron.Corras a key metric is used for the
study. Degradation and breakdown is observed to depend on stress time, DC gate and
drain voltages, and RF power. The mechanism causing degradation is studied using the
voltage swings at the terminals of the RF switch. RF Switch is observed to exhibit
superior reliability under RF 5G mmWave operating conditions. The findings in this
work provides an overall picture of large-signal reliability of transceiver for mmWave

applications and suggests the region of safe operation to achieve 10-year lifetime.
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