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Abstract

At present, the power semiconductor industry is majorly served by silicon (Si)
semiconductor material as Si device fabrication technoelogy has evolved over the years to
provide mature, reliable and robust technologies in.huge volumes at remarkably low costs.
The progress of power devices has been largely dependent on technologies and processes
developed initially for lower power applications and-then scaled and optimized to enable
the components to withstand higher voltages and currents to meet the requirements of
higher power ratings. However, the main objectives of research and manufacturing are to
integrate and ameliorate the features and characteristics of the existing Si devices. There
are more than 20 different kinds of power field-effect-transistor (FETS), but the two most
likely became familiar are the junction field-effect-transistor (JFET), and the
metal-oxide-semiconductor field-effect-transistor (MOSFET). JFETs and MOSFETs are
quite similar in their operating principles and in their electrical characteristics. Wide
variety of advantages such as simple fabrication, easy operations, high input impedance,
less noisy, fast switching speed etc. makes these power FETs to be used popularly in
different power applications. However, shrinking of the device size along with

applications demanding higher performance contradicts with the device reliabilities



requirement of these devices. The major power FET device development trends have
always focused on increasing the power ratings while at the same time research effort
needs to be focused towards improving the overall device performance in terms of
operating areas, increased robustness, better controllability with self-protection ability, and
reliable behavior under normal and fault conditions.

Chapter 2 investigates the improvement of the safe-operating-area (SOA) and ESD
self-protection ability by using an optional implantation layer for 5-V n-channel large array
power MOSFET in a 0.15-um BCD process. A remarkable improvement is noticed in
modified structure (named as NCH_ZDI) with an optional implantation layer within the
existing process in compare to the original device (named as NCH) without compromising
the basic parameters like the breakdown voltage, threshold voltage, and ON-resistance.
The impact of inserting body pick-upsinto multi-finger-dayout of large array device (LAD)
structure to the electrical SOA (E-SOA); trigger-voltage (Vt1), and secondary breakdown
current (It2) is also present in chapter 2.

In addition to the SOA and ESD. self-protection ability of the modified structure
presented in Chapter 2, one of the most needed dynamic parameters for large array
structures, the unclamped inductive switching (UIS) test is performed to analyze the
improvement in the energy handling capability of the modified device in compare to the
original device in chapter 3. Significant improvement in the maximum avalanche current
(1av) and enhanced performances of the energy in avalanche single pulse (EAS) is noticed
in compare to the original device. In addition, gate charge is also compared and significant
conclusion is drawn that figure-of-merit remain unaffected after using additional
implantation at the body area.

The energy handling capability of the power devices is one of the most dominating
issues for the designers that affect the device design and its reliability. The fundamental
model of the energy transformation between the inductor and the power transistor for the
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unclamped inductive switching test is inspected in chapter 4. Based on the experimental
results, the energy stored in the inductor at the period of the channel turn-ON can be
dissipated by the power transistor after the channel is turned OFF. A new theoretical model
to well describe the electrical and thermal behaviors of the power transistor during the UIS
test has been proposed and analyzed with the experimental silicon results in chapter 4. The
proposed UIS energy model shows good agreement with measured silicon data.

Nowadays, there have been several attempts to implement junction
field-effect-transistors in CMOS and bipolar-CMOS-DMOS (BCD) technologies. However,
many of these developments either required silicon-on-insulator (SOI) wafers or extra
implantation steps and the processes thus developed were all proprietary. In chapter 5, new
low-voltage (LV) and high-voltage (HV).JFET _structures are proposed in the standard
0.25-um CMOS/BCD processes within existingsmask layers. An optional P-type ESD
implantation is used to realize 5V JEET structure. The-proposed LV JFET is useful for 5 V
applications while HV JFET structure:can tuned its breakdown voltage for 20 V to 40 V
applications with small variation in’PED_layer which.is used to isolate NBL and HVNW.
The proposed LV and HV JFETs enable to adjust its pinch-off voltage (V) and zero-bias
drain current (Ipso) via layout medications. Measurement results from proposed structures
have verified that different pinch-off voltages can be accommodated in the same chip. The
proposed JFET devices are suitable to use a robust over current protection and can be used
as an ON/OFF switch for controlling electrical power to a load, also as ESD protection
device or self-protected device when its size is suitable scaled.

Chapter 6 summarizes the main results of this dissertation, whether the future works
based on proposed JFET structures are discussed as well. With these novel results in power
FETs technologies, this dissertation provides both advanced academia research
achievements and practical design and reliability solutions to semiconductor industries.
The related works in this dissertation have been patented and published in IEEE journals.
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