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Abstract

As the dimensions of the conventional metal oxide semiconductor field effect transistors
(MOSFETs) are aggressively scaling down, the conventional MOSFETs have obtained amazing
packaging density onto the same silicon wafer. However, the scaling of the conventional
MOSFETs has reached its physical limits in particularly due to the subthreshold swing (SS), which
is difficult to scale down below 60 mv/decade at room temperature. Thus, the static power
consumption in integrated circuits (ICs) is progressively increasing with conventional MOSFET

scaling.

The impact ionization metal oxide semiconductor (I-MOS) transistors have captivated
immense attention due to its capability to overcome the physical constraints of the conventional
MOSFET. I-MOS works on the principle of modulation of channel length or modulation of
avalanche effect and shows very steep SS of the order of ~ 4 to 5 mV/decade. However, -MOS
has two major shortcomings: (i) higher supply voltage and (ii) poor gate oxide reliability due to

hot carrier injection, which needs to be addressed for its commercialization.

Recently, the Bipolar [-MOS has been reported in the literature, which has symmetric doping
in the source and the drain regions, unlike the conventional I-MOS. The Bipolar I-MOS has the
ability to overcome the aforementioned challenges of the conventional I-MOS, which exhibits
avalanche breakdown voltage of the order of ~ 2.85 V and better reliability in comparison to the
conventional I-MOS. However, the breakdown voltage of the Bipolar I-MOS can be further
reduced for memory applications. In addition, the presence of the snapback in the output
characteristics of the Bipolar [-MOS can be explored for realizing 1-transistor (1-T) capacitorless
DRAM. Therefore, this dissertation is focused on reducing the breakdown voltage of the Bipolar
[-MOS and its application for realizing 1-T capacitorless DRAM.

The first device that is proposed is the charge plasma N-P-N impact ionization MOS (I-MOS).
The proposed device is made on lightly doped P-type silicon film using the charge plasma concept.
The proposed device does not have metallurgical junctions and needs no chemical doping for

creating the source and the drain regions. Therefore, the proposed device combines the benefits of



the Bipolar I-MOS (low avalanche breakdown voltage and immunity towards the hot carrier
injection) and a junctionless field effect transistor (JLFET) (low thermal budget process). The
proposed charge plasma N-P-N I-MOS exhibits excellent electrical characteristics such as a low
avalanche breakdown voltage compared to the conventional Bipolar I-MOS, which is due to the
enhanced current gain mechanism. Moreover, the proposed device also obviates the need for
complex ion-implantation and annealing or thermal diffusion processes, which makes the device

fabrication simpler.

The second device that is demonstrated is a bandgap-engineered silicon-germanium bipolar I-
MOS. The silicon-germanium Bipolar [-MOS employs a low-bandgap material Sio.sGeo.4 in the
channel region by keeping the source and the drain semiconductor material as silicon in
comparison to the conventional Bipolar I-MOS. The use of low-bandgap material Sio.sGeo.s in
existing conventional Bipolar I-MOS results in a lower breakdown voltage due to higher impact
ionization rate. Moreover, the same device is extended for realizing a 1-T capacitorless DRAM.
In a silicon-germanium Bipolar I-MOS based 1-T capacitorless DRAM, the 1-state current level

is triggered by the excess hole charge generated into the body due to impact ionization.

The third and the final device that is investigated is a 1-T capacitorless DRAM using laterally
bandgap engineered Si-Si:C heterostructure Bipolar I-MOS. The proposed device features a high-
K gate dielectric, a metal gate, and an epitaxially grown Sio.99Co.01 source/drain regions. The lattice-
mismatch between the Si:C source/drain and the Si channel results in strain effect, hence, the
proposed 1-T capacitorless DRAM memory cell exhibit enhanced memory characteristics,

particularly, the sensing margin, and the retention time.

The work presented in this thesis demonstrates the possible potential of Bipolar I-MOS in

different applications where the steep subthreshold slope is an essential requirement.
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