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ABSTRACT 

Silicon-on-insulator (SOI) technology has been receiving a lot of attention owing 

to its advantages in reduced second-order effects for VLSI applications and has been the 

forerunner of the CMOS technology in the last decade offering superior CMOS devices 

with higher speed, higher density and excellent radiation hardness. Many novel device 

structures have been reported in literature to address the challenge of short-channel 

effects (SCE) and higher performance for deep submicron VLSI integration. However, 

most of the proposed structures do not offer simultaneous SCE suppression and improved 

circuit performance. 

To simultaneously suppress SCE and improve device performance, the 

Electrically Shallow Junction (EJ) structure was proposed. By a careful control of the 

material work function and length of the side gate materials optimum performance can be 

attained in a EJ structure. In this thesis, a physics based analytical model of surface 

potential along the channel in a FD EJ-SOI MOSFET is developed by solving 2-D 

Poisson's equation. The model is used to investigate the excellent immunity against SCE 

offered by the EJ structure. Further the model is used to formulate an analytical 

expression of the threshold voltage, Vol. The results clearly demonstrate the scaling 

potential of EJ SOI devices with a desirable threshold voltage "roll-down" observed with 

decreasing channel lengths. 

Double Gate (DG) MOSFETs using lightly doped ultra thin layers seem to be 

another very promising option for ultimate scaling of CMOS technology. Excellent short-

channel effect immunity, high transconductance and ideal subthreshold factor have been 

reported by many theoretical and experimental studies on this device. But, the Dg 

MOSFETs suffer from SCEs yet. Therefore, a new concept and structure that we have 

called shielded channel DG MOSFET proposed and analyzed for first time. We 

demonstrate that the proposed device exhibits significantly reduced short channel effects 

such as drain induced barrier lowering and hot carrier effect. It is expected that the 



shielded channel DO MOSFET could be of significant importance in CMOS applications 

requiring extreme scaling with improved reliability. 

In recent years, polycrystalline silicon (poly-Si) thin film transistors (TFTs) have 

drawn much attention because of their widely application in active matrix liquid crystal 

displays (AMLCDs). One of the important problems of poly-Si TFTs is large OFF state 
leakage current. Several device structures have been reported in literature to circumvent 
the undesirable leakage current in poly-Si TFT devices. We have proposed a new 

approach and structure that is called Triple Gate TFT for reduction at leakage current of a 

poly-Si TFT. Numerical simulation studies demonstrate the diminishing of pseudo-

subthreshold region and huge leakage current reduction in the proposed structure. Also, 

with same approach, for the first time we have demonstrated in this work that by applying 

a multiple-gate concept to the front gate of an asymmetrical double gate poly-Si-TFT, the 

OFF-state leakage current can be reduced significantly improving the performance of 
double gate poly-Si TFTs in AMLCD or other applications. 
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