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A Minimum Potential Based Fully Analytical Threshold Voltage Model of DGJLFETTSS
Abstract— An analytical approach for the threshold voltage modelling based on minimum central potential for double-gate Junctionless field-effect transistor having triangle-shaped spacers reported. To determine the threshold voltage the approach started with the potential model of the device. By definition it is the value of gate potential which results the midpoint potential value is minimum. The threshold voltage expression is compared TCAD simulation results.
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Introduction
[bookmark: _GoBack]  High value of work function difference between the gate material and channel material induces an internal electric field at the oxide semiconductor interface, which leads to the formation of a depletion layer throughout the complete substrate. As a consequence, under this condition, the device is devoid of free electrons and it cannot carry any current or the device is said to be in its off state [1-18]. However, when a gate voltage is applied, the resulting electric field counteracts the internally induced electric field (resulting from the work-function gradient). As a result, the net electric field present in the oxide semiconductor interface starts decreasing with increase in the applied gate to source voltage. As a result width of the depletion layer starts decreasing. At this stage the device is no longer in the fully depleted state, i.e., the farthest portion of the device from the insulator semiconductor interface loses its depletion layer [1-18]. The gate to source voltage above which this phenomenon occurs is known to be the threshold voltage of the device. At this stage, current conduction starts in that non-depleted portion induced at midsection. With the gate voltage increases above threshold condition, the effective electric field in the semiconductor oxide interface further reduces, leading to further reduction of depletion layer. Thus depletion width plays an important role in the conduction mechanism of JLT. In this entire process of operation gate induced variation in the space charge region in the substrate can be linked to the variation in the potential inside the substrate. 
Mathematical Model

[image: ]

Figure 2. Device structure of the (DGJLFETTSS) [5]

The 1-D potential profile for the DGJLFETTSS is
[bookmark: _Hlk232690320]                                                                             (1)
Minimum potential from (1) is,
						           (2)
Where,




Equating (2) to zero,
							                  (3)                                                                                                                                                                                                                       
Eq. (4.16) can also be written as,
									             (4)
Where,

Solving (4),


Again,
	           (5)
Where,

  is threshold voltage,
		  	             (6)
Where,

i) On the left region
         		  	       									(7)
Where,
   
where,   
   to 
i) On the right region,
         			       									    (8)
Where,
   
where,   


   to      
i) In the channel,

        				       											(9)


   to   

Results 
Dependency of threshold value on dielectric constant, drain voltage, temperature and gate oxide thickness. The mathematical expressions which are framed needs to be validated either through physical experimentation or virtual numerical simulation. Here, virtual validation was performed with the help of Cogenda Visual TCAD and the validation was performed through graphical comparison depicted in Fig2- Fig.5. Higher gate dielectric constant results in higher gate capacitance and electric field which in turn causes the threshold voltage to increase which is indicated in Fig.2. Higher drain voltage results in higher DIBL and lower threshold voltage as shown in Fig. 3. With higher temperature resistivity of semiconductor reduces and as a result threshold voltage also reduces as shown in Fig. 4. With higher gate oxide thickness gate capacitance and electric field are lower which in turn causes the threshold voltage to decrease as shown in Fig.5. In all the comparison the mathematical model and TCAD numerical simulation shows the closeness of mathematical and virtual experimentation with each other with an average deviation of 3% which is the virtual validation of the work.
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Fig. 2: Dielectric Constant Dependency of Threshold Voltage
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Fig. 3: Dependency of Threshold Voltage
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Fig. 4: Temperature Dependency of Threshold Voltage
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Fig. 5: Gate Dielectric Dependency of Threshold Voltage

A threshold voltage model DGJLFET with triangle-shaped spacer has been developed and presented in this paper. Virtual validation of the analytical expression framed has been performed by comparing the variation of threshold voltage with dielectric constant, drain voltage, temperature and gate oxide thickness. In all the comparison the mathematical model and TCAD numerical simulation shows the closeness of mathematical and virtual experimentation with each other with an average deviation of 3% which is the virtual validation of the work. This implies the model is suitable for compact modelling.                                          
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