
Guide to Input/Output of fFETtool 
 

Input grid 
 

Task: you can choose here between a simulation of the Tranfer Characteristics( Task 1), that is a sweep of 

the gate potential at constant source-drain potential, and Output Characteristics(Task 2), in which a sweep 

of the source-drain potential is done at a fixed gate potential. Note that the mask of the panel Task Options 

accordingly changes. 

Task Options (Task 1) 

Min V_G:  minimum value of the gate potential, with respect to the source Fermi level (which is set 

to zero, and it is the reference of all device potentials). 

Max V_G: maximum value of the gate potential. 

V_G step: increase value of the gate potential. It could be also negative, in that case the simulation 

its is run from Max V_G to Min V_G. This can be useful to verify the convergence of the simulation. 

It is also possible that the code fail to converge in subthreshold conditions, when very small charge 

is in the device. In this case, if one desire the ambipolar characteristics, we advise to run two 

simulations with opposite V_G step starting from degenerate condition of the device. 

V_DS: fixed value of the source drain potential. When a source drain potential larger than the 

semiconducting gap it is chosen, may not be possible to close the channel, a warning is returned in 

the result Output Log.  

Task Options (Task 2) 

Min V_DS: minimum of the source-drain potential, for convergence reason this value is better left 

to zero. 

Max V_DS: maximum value of source-drain potential. Note that if the source-drain potential 

exceeds the semiconducting gap, in a ballistic channel, is no more possible to close the channel and 

to this value will correspond a steep increase of the current. This fact is signaled with a warning in 

the result Output Log. 

V_DS step: increase value of the source drain potential. 

V_G: fixed gate potential. 

Transport Conditions 

Ballistic Segments: this is the number of elementary ballistic channels which describe the transport 

regime in virtual probe approach. If N is set to 1 will evaluate a ballistic regime, while if this number 

is large will correspond to a drift diffusion condition. If N is larger than 1 a new option is offered 

about the Implementation Method. 



Implementation method: you can here choose between the direct numerical implementation of 

the transport through the Ballistic Chain NB and the use of the Macromodel B-DD-B, in which an 

analytical approximation is performed for the central part (DD) of the ballistic chain. 

Channel Length: this number does not enter the simulation, for which the effective length of the 

device is expressed by the number of Ballistic Segments. The code requires this number in order to 

give an estimation to the results cut-off frequency and intrinsic delay time, which are calculated 

with Task 1, and offer a figure of merit of the transistor as a logic element.  

Schottky Barriers 

Source Schottky Barrier: value of the Schottky barrier height for electrons with respect to the Fermi 

level of the source lead, as a ratio of the channel gap. Note that the sum of the Schottky barrier for 

electrons and holes is the semiconducting gap of the channel. Therefore if the value is 0 we have no 

barrier for electrons and a barrier equal to the semiconducting gap for holes. If it is set to 0,5 the 

channel is ambipolar, with symmetrical behavior for electrons and holes (GNRs and CNTs have 

electron-hole symmetric bands).  If it is set to 1 electrons will have to tunnel through a Schottky 

barrier of height equal to the semiconducting channel gap, and holes will not find a tunneling 

barrier.  

Drain Schottky Barrier: value of the drain Schottky barrier height for electrons with respect to the 

Fermi level of the drain lead as a ratio of the channel gap.  

Temperature 

Operating Temperature: this is the temperature of the electronic gas into the device. Note that low 

temperatures makes the convergence of the code more fragile.  

Material 

Material: it is here possible to choose between a graphene nanoribbon GNR and a carbon 

nanotube CNT transistor. 

GNR options 

Gate Structure: here it is possible to choose between a Double-Gate DG and a Back Gate 

BG architecture (as shown in the picture).  

Dimer lines: the width of a GNR is expressed in terms of its dimer lines, or the number of 

the bonded carbon atoms in the zig-zag line running through its width. 

Emax: the bands taken into account will have their bottom value below Emax. 

CNT options 

 Gate Structure: here it is possible to choose between a Gate-All-Around-Gate GAA , a 

structure of axial symmetry, and a Back Gate BG architecture (as shown in the picture).  

n1, n2: numbers entering the chiral vector, which represent the folding vector of the CNT 

with respect to a planar graphene sheet. They determine the radius and the electronic 

properties of the CNT. 



Emax: the bands taken into account will have their bottom value below Emax. 

Oxide and Gate 

Oxide Thickness: this number, expressed in nanometers, is the oxide thickness between the 

channel and the gate (for all gate structures considered by the tool, i.e. DG, BG, GAA). 

Flat-Band-Voltage: the flat-band potential existing between the gate and the channel. It 

correspond to the difference between the energy workfunction of the metal gate and the electron 

affinity of the semiconducting channel. 

Oxide Dielectric Constant: the dielectric constant of the oxide used as spacing between gate and 

channel. 

Override Gate Capacitance: here it is possible to enable the use of an user-defined value for the 

gate capacitance, instead of using that calculated by the program. This can be useful if one wants to 

compare the results of the code with experimental data, or in cases where the gate capacitance it is 

known. 

Gate Capacitance: the value of the user-specified gate capacitance. Active only if Override Gate 

Capacitance is selected. 

Override Potential Decay Length: here it is possible to select the use of a user-specified value for 

the natural decay length of the potential near the contacts, recommended if a more accurate 

calculation of the potential profile has been carried out. The tool consider an exponential profile of 

the potential near the source and gate and calculate the tunneling through it. A larger value of the 

Potential Decay Length leads to thicker barriers and reduced tunneling. 

Potential Decay Length: if the previous point is marked, it is here possible to specify an user-value 

of the natural decay length of the potential near source and gate contact. 

Channel-Source Capacitance: value of the capacitance existing between the source contact and the 

channel. In an ideal device it would be zero. 

Channel- Drain Capacitance: value of the capacitance existing between the drain contact and the 

channel. In an ideal device it would be zero. 

 

Results 
 

transfer characteristics: current over gate voltage plot in linear scale. (only with Task Transfer 

Characteristics). 

transfer characteristics (log): the same as before, but in logarithmic ( in ten basis) scale. 

total charge: the total charge in the device channel. Note that if the device is described as a chain of N 

elementary ballistic transistors the sum of the charge in all of them is shown. With Task Transfer 

Characteristics the plot is charge over gate potential. With Task Output Characteristics the plot is charge 

over source-drain potential. 



mean potential: in long channel behavior, the channel potential, sufficiently far from contacts, is constant. 

Here we plot this value. Note that if the device is described as a chain of N elementary ballistic transistors 

the mean value of the potential in the N transistors, weighted by the charge, is calculated. With Task 

Transfer Characteristics the plot is mean channel potential over gate potential. With Task Output 

Characteristics the plot is mean channel potential over source-drain potential. 

transconductance: the derivative of the current with respect to the gate potential plotted as a function of 

the gate potential. (only with Task Transfer Characteristics). 

cut-off frequency: the threshold frequency of the device, which is a figure of merit of the possible 

application of the device as a logic element. The cut-off frequency is plotted as a function of the gate 

potential. (only with Task Transfer Characteristics). 

intrinsic delay time: this is an estimation of the discharging time of the device used as inverter. And it is a 

figure of merit for logical operation. The intrinsic delay time is plotted as a function of the gate potential. 

(only with Task Transfer Characteristics). 

Output Log:.this is the output of the code run by the tool. It summarizes some important values calculated 

by the code from the input data. In particular, in DEVICE PARAMETERS, the natural decay length of the 

potential, the width of the GNR( of the CNT radius), the gate capacitance are shown. The subbands taken 

into account in the calculation are then declared, with their energy. After the RUN section, only with Task 

Transfer Characteristics. the PERFORMANCE ANALYSIS of the device (for both a n- and a p-type transistor) 

are shown. In particular the best V_OFF is found (for the source-drain voltage of input), for this choice, the 

I_ON over I_OFF ratio, the threshold frequency and the intrinsic delay time are shown. 

Output characteristics: the source drain current over the source drain voltage, at fixed gate potential. (only 

with Task Output Characteristics). 

Conductance: derivative of the output characteristics, it is useful in particular to analyze the effect of 

Schottky barriers on the source-drain current. (only with Task Output Characteristics). 


