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While metal-oxide-semiconductor field-effect transistor (MOSFET) cannot
achieve a subthreshold swing (SS) below 60 mV/dec at room temperature due
to the limitation by thermionic emission, tunneling field-effect transistor (TFET)
is allowed to have SS of sub-60-mV/dec by its mechanism of band-to-band
tunneling (BTBT). On the other hand, TFET has a weakness of low current
drivability, which has called for researches on various materials and novel
structures to overcome the weakness and achieve a smaller SS. One of the
novel structures proposed to improve the electrical characteristics of TFETs is
Pocket tunneling field effect transistor (PTFET). In the PTFET, the electrical
characteristics are mainly governed by vertical tunneling in the source-to-gate
direction. However, the effect of lateral tunneling in the source-to-drain
direction has been seldom reported in detail. In this project, the change in
lateral tunneling is investigated by adjusting the material and doping
concentration at the tip of the source junction.

First, we apply dual work function (DWF) on PTFET which is referred to other
paper to reduce hump behavior occuring on the basic PTFET. In case of dual
gate with low work function (WF) and high WF, point tunnelling at off-state is
suppressed due to high WF gate and line tunnelling at on-state is activated
due to low WF gate, which improves SS. Furthermore we optimize DWF PTFET
by source underlap. It maintain the effect of low WF at point tunneling and
increase the effect of high WF at line tunneling. So It improves On-current
and SS.

Second, we apply SiliconGermanium (SiGe) source instead of silicon source.
SiGe has different valence band off-set (VBO) with Si. The high valence band
of SiGe helps BTBT from valence band of source to conduction band of body.
So It shows improved on-current.

Third, If the edge of SiGe source where the lateral tunneling takes place is
lightly doped, the depletion region in the SiGe source junction increases and
the location of tunneling events can be moved from the Si body to the SiGe
source. As a result, the electric characteristics demonstrating the increase in
on-current are confirmed to be also suitable for high-performance
applications.

And for better performance, we optimize each applied structure.




