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Abstract 

The devices that allow us to control the flow of electrical energy in to the 

systems are of utmost importance. These devices are called power devices. In the 

present age of limited energy resources, efficient and effective handling of the energy 

is required. To make the electrical control easy and energy efficient, we need to have 

efficient power devices. In the medium to low voltage applications, a trench gate 

power MOSFET is the most efficient device than other devices as it provides the 

lowest ON resistance than any other MOS device. However, the need of efficiency is 

even more and requires further improvements in its basic structure. The main objective 

of the thesis is to discuss the technological limitations in the trench gate MOSFET 

performance and a few methods to overcome some of these deficiencies. The recent 

improvements in the semiconductor device technology have led to a new era of 

nanoscale CMOS devices to boost the performance of VLSI / ULSI circuits. The same 

technology may also be used to improve the performance of power devices, similar to 

what was done for initial development of power MOSFETs in 1970's. 

The major performance parameters of power MOSFETs are ON state 

performance parameters: RON and transconductance, OFF state performance parameter: 

breakdown voltage (VBD) and switching performance parameters: total gate charge 

(QG) and gate-to-drain charge (QGD). In this thesis, we concentrate on the 

improvements of parameters, RON, VBD, transconductance and gate charges. We have 

used some of the nanoscale device technologies in trench gate power MOSFET to 

improve its performance. This includes the following: 
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■ Use of strained Si channel for enhancing the carrier mobility in order to reduce the 

channel resistance of the device in ON state. 

■ Use of multiple gates for performance enhancement. 

■ Use of gate stack with different materials for work function engineering. 

■ Use of gate oxide engineering for performance enhancement. 

To demonstrate the performance improvement over the conventional device 

structure, we have also created the equivalent conventional device structures in 

ATLAS and performed numerical simulations of the proposed devices with respect to 

their equivalent conventional devices. We found that it gives quantifiable bench-marks 

of improvements in drive current, on state resistance, peak transconductance, switching 

delays and breakdown voltage as compared to the conventional trench gate MOSFET 

device. The simulation based demonstration of improvements in the performance is 

expected to provide the incentive for experimental verification. 
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