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Abstract

A wide variety of novel complementary-metal-oxide-semiconductor (CMOS)
devices that are strong contenders for future high-speed and low-noise RF
circuits have been evaluated by means of static electrical measurements and
low-frequency noise characterizations in this thesis. These novel field-effect
transistors (FETs) include (i) compressively strained SiGe channel pMOSFETs,
(ii) tensile strained Si nMOSFETs, (iii) MOSFETs with high-k gate dielectrics,
(iv) metal gate and (v) silicon-on-insulator (SOI) devices. The low-frequency
noise was comprehensively characterized for different types of operating
conditions where the gate and bulk terminal voltages were varied. Detailed
studies were made of the relationship between the 1/f noise and the device
architecture, strain, device geometry, location of the conduction path, surface
cleaning, gate oxide charges and traps, water vapour annealing, carrier mobility
and other technological factors. The locations of the dominant noise sources
as well as their physical mechanisms were investigated. Model parameters
and physical properties were extracted and compared. Several important new
insights and refinements of the existing 1/f noise theories and models were
also suggested and analyzed. The continuing trend of miniaturizing device
sizes and building devices with more advanced architectures and complex
materials can lead to escalating 1/f noise levels, which degrades the signal-
to-noise (SNR) ratio in electronic circuits. For example, the 1/f noise of some
critical transistors in a radio receiver may ultimately limit the information
capacity of the communication system. Therefore, analyzing electronic devices
in order to control and find ways to diminish the 1/f noise is a very important
and challenging research subject.

We present compelling evidence that the 1/f noise is affected by the distance
of the conduction channel from the gate oxide/semiconductor substrate
interface, or alternatively the vertical electric field pushing the carriers towards
the gate oxide. The location of the conduction channel can be varied by the
voltage on the bulk and gate terminals as well by device engineering. Devices
with a buried channel architecture such as buried SiGe channel pMOSFETs
and accumulation mode MOSFETs on SOI show significantly reduced 1/f noise.
The same observation is made when the substrate/source junction is forward
biased which decreases the vertical electric field in the channel and increases
the inversion layer separation from the gate oxide interface. A 1/f noise model
based on mobility fluctuations originating from the scattering of electrons with
phonons or surface roughness was proposed.

Materials with a high dielectric constant (high-k) is necessary to replace
the conventional SiO2 as gate dielectrics in the future in order to maintain a
low leakage current at the same time as the capacitance of the gate dielectrics
is scaled up. In this work, we have made some of the very first examinations
of 1/f noise in MOSFETs with high-k structures composed by layers of HfO2,
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HfAlOx and Al2O3. The 1/f noise level was found to be elevated (up to 3 orders
of magnitude) in the MOSFETs with high-k gate dielectrics compared to the
reference devices with SiO2. The reason behind the higher 1/f noise is a high
density of traps in the high-k stacks and increased mobility fluctuation noise,
the latter possibly due to noise generation in the electron-phonon scattering
that originates from remote phonon modes in the high-k. The combination of a
TiN metal gate, HfAlOx and a compressively strained surface SiGe channel was
found to be superior in terms of both high mobility and low 1/f noise.
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