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Abstract 

The significant challenges of power dissipation in scaled down complementary metal 

oxide semiconductor (CMOS) devices together with the need for long battery life in the 

growing battery-powered portable devices are driving the research to find alternative 

switches that (i) overcome the fundamental 60 mV/decade subthreshold swing (SS) 

limit at room temperature of metal oxide field effect transistors (MOSFETs) and (ii) 

exhibit low OFF-state current. The tunnel field effect transistor (TFET), which is the 

focus of this thesis, is one such switch which exhibits both these characteristics due to 

its band to band tunneling carrier injection mechanism and reverse-biased diode nature, 

respectively. However, the ON-state current of the TFET is far below that of a 

MOSFET and furthermore, the TFET is inherently an ambipolar device. These inferior 

(compared to a MOSFET) and undesired characteristics of a TFET, which affect the 

performance and may also lead to the malfunctioning of the circuits, limit its application 

for ultra-low power circuits.  

 Different TFET designs are being explored to enhance the ON-state current and 

suppress the ambipolar behavior of a TFET. Introducing a pocket doped region of 

opposite type to the source dopant next to the source region is among the proposed 

techniques to enhance the ON-state current and the subthreshold swing of TFET. This 

structure with introduced pocket doped region is called the PNPN TFET. The 

introduction of a pocket doped region enhances the electric field at the tunneling 

junction resulting in a higher ON-state current and a steeper subthreshold slope 

compared to the conventional p-i-n TFET. However, to achieve these desired 

characteristics, the doping transition from the source to the pocket region should be 



v 

 

steep and the pocket doped region should be fully depleted. These design constraints 

make the realization of the ideal pocket region very challenging with current fabrication 

technologies like ion implantation (for lateral PNPN TFET) and epitaxial growth (for 

vertical PNPN TFET). Therefore, a technique which eases the realization of the N+ 

pocket of the PNPN TFET without the need for a separate implantation or an epitaxial 

growth is proposed using the charge plasma concept and is investigated using 2D 

TCAD simulations. Due to the absence of (i) an extra doping step and (ii) complications 

associated with chemical dopings, the proposed approach overcomes the difficulties of 

realizing a narrow and fully depleted pocket region of PNPN TFET. The effect of 

localized charges on the threshold voltage of the PNPN TFET is also analytically 

modeled and the accuracy of the proposed model is verified by comparing the model 

results with 2D TCAD simulation results.  

 Although there are different proposed techniques to suppress the ambipolar 

conduction of the TFET, none are without their own drawbacks. This absence of an 

effective and drawback free suppression technique makes the choice of one technique 

over the other to depend on the specific requirement of the application and thus, calls 

for the investigation of additional ambipolar suppression techniques. In this thesis, 

therefore, two techniques are proposed and investigated. These are (i) the overlapping 

gate-on-drain and (ii) the dual material gate (DMG). The former limits the gate to 

control the tunneling barrier width only at the source-channel interface irrespective of 

the polarity of the gate voltage and the latter divides the channel into two regions so 

that it is possible to control the proportion of the accumulated holes in each region 

which then reduces the tunneling at the drain-channel junction. In addition, the 

possibility of using the overlapped gate-on-drain structure as a biosensor is examined 

using 2D TCAD simulations.  
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