Abstract

The semiconductor industry has been on the lookout for alternative to MOSFETs due to
the inability of MOSFETSs to remain immune to downscaling in the term of performance.
The ultimate objective at present is to design devices with principle of operation different
from MOSFETs. Researchers have proposed novel devices which possess promising
prospects as compared to MOSFETs in terms of performance from the perpective of
present requirements of the semiconductor industry. This thesis presents work on one
such emerging device, the Tunnel Field Effect Transistor (TFET). The device geomentry
of TFET is similar to MOSFET except that its source and drain regions are oppositely
doped with an intrinsic channel. The device operates by interband (Zener) tunneling
caused by electric field modulation at source/channel junction by a controlling electrode.
In this thesis work till chapter 5, I have done the performance investigation of some
heterojunction TFETs on SELBOX substrate with and without back gated. All chapters
contain extensive electrostatic analysis such as DC, RF/analog, and linearity parameters.
In chapter 6 and chapter 7, I have studied the dielectric modulation-based label-free
biosensor of the proposed structure and compared it to state-of-art sensors. The works

presented in the different chapters are summarized below.

Chapter 1 this chapter introduces the thesis by briefly presenting the drawbacks of the
MOSFET including the effects of scaling, and the emergence of novel semiconductor
devices. Various emerging device structures have been introduced to sustain MOSFET
scaling for future generation IC technology. It has been discussed that tunnel field-effect
transistors (TFETs) have a huge potential for reducing short channel effects (SCEs) that
occur when MOS devices have been scaled. It comments on the working principle of
TFETs and their suitability for low-power electronics applications. The general review of
some important state-of-the-art literatures related to TFETs shows that there are ample
opportunities for theoretical investigation of the electrical performance of TFET on
SELBOX substrate with gate oxide engineering as well as low bandgap engineering.
Circuit level-based study was also reviewed in order to make a better understanding of the
TFETs in circuit-level applications. In the addition, Furthermore, we conducted a

literature review on dielectric modulated biosensors based on the TFET technology.
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Based on the literature survey, the scopes of the present thesis have been outlined in the

last section of this chapter.

Chapter 2 this chapter proposes an electrostatic comparison between conventional fully
depleted SOI TFET and proposed Heterojunction TFET on SELBOX Substrate. This
chapter discusses the advantages of the proposed TFET structure over the conventional

fully depleted SOI TFET structure. The major observations can be given as follows:

e This work investigates the DC and Analog/RF performance of a newly suggested
GSHJ-STFET-based TFET structure with stacked HfO»/SiO; gate and Ge
(source)/Si (channel) heterojunction.

e The rapid rate of BTB tunneling of carriers from the source to the channel region
is due to the presence of germanium (a low bandgap material) in the source
region.

e |t has been shown that the SELBOX structure demonstrates the advantages over
SOI and bulk structures. So, it can be considered a good option while selecting
between SOI and bulk structures. This is mainly due to the gap present in the
buried oxide in the SELBOX structure.

e The SELBOX substrate has been used in the proposed TFET to reduce the lattice
heat and improve the lon/IorFr ratio.

e Vertical gate stacked SiO2/HfO; is highly responsible for the reduction of the gate
leakage current due to the higher physical thickness of the gate oxide layer. The
proposed TFET structure with SELBOX improves both DC and RF

characteristics.

Chapter 3 In this chapter, we have investigated the influence of both the donor and
acceptor type interface trap charges (ITCs) on the reliability of LS-STFET and VS-
STFET in terms of their DC, analog/RF, and linearity parameters. This is a comparative
analysis work based on their DC/RF and linearity parameters. The major observations in

chapter 3 are given following.

e The presence of ITCs causes more severe effects on the performance degradation
of VS-STFET than the LS-STFET structure. Thus, the proposed LS-STFET is
more reliable than the VS-STFET device structure.
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e Therefore, the LS-STFET device structure can be considered a promising MOS

device for low-power and high-frequency applications.

Chapter 4 this chapter reports the design and device-level simulation analysis of a back-
gated Ge/Si heterojunction TFET on SELBOX substrate (BG-HJ-STFET). There are

some major points listed below about chapter 4:

e The proposed structure implements a stacked gate oxide where the conventional
Si02 is replaced by a Si02/HfO» in a stacked manner to increase its On-current.

e A back gate (BG) is also considered in the proposed TFET to enhance the device-
level performance.

e Investigation of DC, RF, and linearity parameters such as drain current,
transconductance, electric field, parasitic capacitance, cut-off frequency (fT),
gain-bandwidth product (GBP), intrinsic delay (c), higher-order of gm (gm2,
gm3), VIP2, VIP3, IIP3, IMD3, and 1-dB compression point are carried out for
the proposed TFET and the results are compared with other conventional
structures.

e Finally, we have discussed back gate effects on the performance of the proposed
TFET.

e Performance evaluation shows that BG-HJ-STFET is a suitable candidate for

distortionless and high-frequency applications.

Chapter 5 this chapter reports the device-level performance of a back gated ferroelectric
heterojunction TFET on SELBOX substrate (BG-Fe-HJ-STFET). The proposed structure
implements a stacked gate oxide where the conventional SiO> is replaced by a
SiOy/ferroelectric oxide in a stacked manner to increase its on-current. The following

major points of this chapter are listed below.

Investigation of DC, RF, and linearity parameters such as drain current, transconductance,
electric field, parasitic capacitance, cut-off frequency (f7), gain-bandwidth product (GBP),
intrinsic delay (t), higher-order of gm (gm2, and gm3), VIP2, VIP3, 1IP3, IMD3, and 1-dB
compression point are carried out for the proposed TFET and the results are compared

with other conventional structures.
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