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ABSTRACT 

As scale down the standard single-gate bulk MOSFET 

dimensions, vast challenges in the nanometer regime due to the 

brutal short-channel effects arises that grounds an exponential 

increases in the leakage current, power consumption and 

enriched the sensitivity in process variations. Double gate and 

multi-gate technology alleviate these restrictions by producing a 

stronger control over a thin silicon body with electrically 

coupled gates. In this paper, proposed a methodology for 

independent gate (IG) FinFET Nand circuit in which applies 

multiple supplies for controlling the threshold voltage    by 

which IG FinFET can improve the speed, saving the power and 

minimize the area of the circuit by 23-25%. The most 

advantageous IG keeper gate bias conditions are identified for 

reaching maximum savings (approx 40-43%) in delay and power 

(24-28%) while maintaining identical noise immunity as 

compared to the simple supply IG-FinFET domino circuits. Here 

the circuit efficiency also enhances.  
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1. INTRODUCTION 
As the technology scale down the channel length of the 

MOSFET from 10µm to 22nm above last 40 years. Gate-

dielectric leakage currents and the enhanced circuit sensitivity to 

process parameter oscillation have become the leading barriers 

against further CMOS technology scaling into the sub-45nm 

regime. It is to facilitate the use of double gate metal oxide 

semiconductor field effect transistor (DGMOSFET), which 

produce better control of short channel effects, lower leakage 

current and enhanced scaling efficiency in the CMOS [1]. 

FinFET technology is the outstanding choice among Double gate 

MOSFET because it is quite easy and fashionable to 

manufacture and implementation rather than the other 

DGMOSFET. In the FinFET the use of lightly-doped channel 

makes it a resistant to random dopant variations [2].  

t devices) is based on the “strong-inversion” provision at which 

the surface potential is twice of the bulk Fermi potential    
    . 

                                                             (1) 

Where VFB is the Flat band voltage and   is the body factor. This 

definition is not practical for measure since is not a calculable 

parameter. For this reason, consider here an explanation, based 

on a constant value at the turn-on condition, which is simple and 

valid. Here, in the equation (2) show that high     FinFET can 

be obtained by carefully tuning the gate oxide thickness and 

electrode work function, and without the use of any extra bias 

voltage. The threshold voltage   of FinFET is given by the 

expression: 

         
  

   
                                                          (2) 

 

Here variation between work function of electrode and silicon 

is 
  

,    is the depletion charge in the channel, and     is the 

gate capacitance.      is a constant that represents the limited 

availability of inversion charges in the undoped channel [4]. 

FinFET technology has an important characteristic that is 

dynamic    controllability, in which the     of one gate of a 

FinFET can be switched through the function of a voltage at the 

other gate. Since the      manages both transistor power 

consumption and the speed of the circuit,     controllability is 

dominant factor for circuit optimization. Mainly in this paper 

apply the    controllability technique on the Independent gate 

(IG) mode FinFET, in this mode of FinFET the number of 

transistors mandatory for implementing specific logic functions 

are less as compared to the standard circuits with short gate 

FinFET. Area saving, condensed power consumption, 

considerable speed improvement is exhibited due to the reduced 

parasitic capacitance and the lesser transistor stack heights with 

the independent gate FinFET circuits as compared to the circuits 

with short gate[6], [7]. In this paper a new circuit synthesis style 

based on multiple supply and threshold voltages is presented, it 

is an innovative way to control     of connected gate FinFET. In 

conventional multiple supply voltages formats, logic gates on the 

critical path are usually allotted a high supply voltage although 

the gates on the non critical paths are connected to a low supply 

voltage in order to diminish power consumption as maintaining 

circuit performance. In accumulation to multiple supply voltage 

design technique, the low value of     can sustain the high 

performance while lowering the supply voltage. Regrettably, by 

this way leakage current increase exponentially, which has 

become an essential concern in low voltage high performance 

designs [8] [9]. 
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Fig1.  Cross sectional of a usual FinFET. 

The paper is structured as follows. In Section II we would 

discuss, Independent Gate FinFET and its working. Section III 

discussed the principle for threshold voltage control by multiple 

supplies which forms the source for the scheme presented in this 

paper. Section IV presented the experimental results and 

conclusion in Section V.   

2.   INDEPENDENT GATE FINFET  
Designing of different FinFET circuit can be organized in one of 

the consequent modes, (a) Shorted gate or tied gate mode, in 

which both gates are tied together and get improved drive 

strength and have better control over the channel length (b) 

independent gate mode, in this mode independent signals drive 

both the gates, this may reduce the number of transistors in the 

circuit.(c) Low-power mode, in which applying a low voltage to 

n-type FinFET and high voltage to p-type FinFET. This varies 

the threshold voltage of the devices which reduces the leakage 

power dissipation at the cost of increased delay. (d) A hybrid 

IG/LP-mode is a combination of LP and IG modes [10]. 

Independent gate FinFET circuit can be fabricated along with the 

usual short gate FinFETs circuits on the unchanged die, by 

removing the top gate region of the FinFETs. The formation of 

channel in one gate is extremely dependent on the state of the 

other gate because of electrostatic pairing between the gates. If 

as an illustration that the back gate of an independent gate 

FinFET is disabled then no channel will form near the disabled 

gate due to electrostatic pairing between the gates and the    of 

the other gate will be increased. Mainly in these devices, only 

one gate is turned on, the     is high adequate to stop channel 

formation. If both gates are turned on, fast electrostatic pairing 

between the gates decrease the    and allow channel formation. 

In addition, high Vth FinFET circuits can be activated only if 

both of their gates are turned on at the same time by this enhance 

the circuit performance and reduce the area of the circuit. The 

threshold voltage of an n-channel MOSFET is classically given 

by: 

     
  

 
   

   
   

 
 

        

   
                                   (3)     

Where ϕms is the work function variation between the gate and 

the silicon and called it as gate barrier. The Barrier measurement 

in the gate definition defines the work function difference 

between the metal and an intrinsic reference semiconductor. 

Relation between gate barrier and ϕms is given by following 

equations: 

                

              

                    

Above equations clearly specify the dependence of threshold 

voltage on gate barrier. For higher threshold voltage the value of 

barrier should be high. A broad range of threshold voltage can be 

achieved by varying gate barrier. The threshold voltage of device 

is found to be advanced for high barrier. 

 

Fig.2 shows the waveform Threshold voltage (   ) versus 

channel length for the n channel FinFET. 

In the Figure 2    versus channel length waveform for nmos 

FinFET at the Cadence virtuoso tool at 45nm. In which the 

normal nmos FinFET transistor threshold voltage is 0.46v, it can 

be seen in figure2. Essentially, the     of nmos openly depends 

on work function difference between the gate and the channel. 

The difference between the gate and channel is called gate 

barrier, deviation in gate barrier has main effect in increasing the 

threshold voltage. Here, independent gate Nand FinFET for 

   variations. Figure 3 shows the schematic of IG mode Nand 

FinFET in which minimize one pmos transistor. 

 

Fig3. Schematic of Independent gate Nand FinFETs. 

3. THRESHOLD VOLTAGE CONTROL 

BY MULTIPLE SUPPLY 
The    of the each FinFET gate can not only be controlled by 

the process parameters, such as channel dopant concentration or 

the work function of the gate, but also enthusiastically through 

the application of a voltage to the other gate (gate-gate pairing). 

A comprehensive representation for the relation in between the 

threshold voltage at the front gate (Vthgf) of a FinFET and 

voltage applied to its back gate (Vgbs). The simple expression 

among Vthgf, Vthgb (threshold voltage of the back gate), Vgbs 
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and V0
thgf (minimum observed value of Vthgf) would be adequate 

[14] has been shown in equation 4. 

            
                  if           , 

   

                 
                                                  or else.          (4) 

Here, δ is a positive coefficient whose value depends on the ratio 

of gate and body capacitances. In the short gate mode of FinFET 

the threshold voltage of both gates react simultaneously to the 

change in the voltage of another gate. It occurs because the back 

gate is in depletion mode and charge pairing arises between the 

front gate and back gate. On the other hand, when the back gate 

is in strong inversion mode, the free charge carriers efficiently 

screen the back gate electric field, manufacturing Vthgf 

independent of Vgbs. For the delay calculation of the circuit in 

equation 5: 

    
  

    
 

  

    
 

  

      
   
   

 
                                          (5) 

Here C is the load capacitance, Vdd is the supply voltage and 

Vth is the threshold voltages of the MOS transistors. 

 

 

Fig4. Independent gate Nand FinFET using multiple supply 

at cadence virtuoso tool. 

Independent gate Nand FinFET circuit is implemented with the 

help of one pmos and two nmos. Figure 4 shows that the 

Independent gate Nand FinFET with another voltage supply to 

the substrate and the back gate by this implementation by this 

control the    of whole circuit. 

4. SIMULATION AND RESULT  
In this section Firstly, present a comparative analysis of simple 

IG-FinFET Nand i.e. two input supply and the main supply 

(VDD) and the multiple supply based IG-FinFET Nand at 45nm 

Cadence Virtuoso tool. Figure 5 and 6 shows the output response 

of the simple IG-FinFET Nand and multiple supplies IG-FinFET 

Nand. As the output response waveform shows the drawback of 

the implementation, here the leakage current of the circuit 

increases by approximately 18-23%.   

 

     Fig5. Simulation Waveform of simple IG-FinFETs Nand two 

inputs, output and the leakage current. 

 

F Fig6. Simulation Waveform of multiple supplies IG-FinFETs 

Nand 

Figure 6 shows the waveform of multiple supplies IG-

FinFET     Nand two inputs, output and the leakage current. 

Mainly, these simulation waveforms indicate the behavior 

performance of the      schematic. The regarding schematic is 

shown in figure 4. 

 

Fig7. Shows the power consumption waveform of the simple 

IG-FinFET Nand. 
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Fig8. Shows the power consumption waveform of the 

multiple supply IG-FinFET Nand.  

For the power consumption observes the figure 7 and 8. By 

using multiple supplies IG-FinFET Nand circuit consume 30-

40% less power than the simple IG-FinFET. In the case of 

threshold control by the multiple supply, then such type of 

results that are, if consider two supplies to IG-FinFET Nand than 

nmos     is 0.65v or for pmos     is -0.58v and if consider 

multiple supply IG-FinFET Nand than nmos     is 0.53v or for 

pmos     is -0.44v. Because of this threshold voltage variation 

such results which are shown in the table 1. These simulation 

results have been performed on Cadence Virtuoso Tool. 

Table 1. Shows the comparison results in between the two 

implementation technique on IG-FinFET Nand.  

 

Performance 

parameters 

Simple Supply IG-

FinFET Nand 

Nmos Vth= 0.65v 

Pmos Vth= -0.58v 

Multiple Supply 

IG-FinFET Nand 

Nmos Vth= 0.53v 

Pmos Vth= -0.44v 

Delay 160.9 ps 67.51 ps 

Duty Cycle 77.82% 82.34% 

Power 

Consumption 

4.83 nw 1.25 nw 

 

5. CONCLUSION  
IG-FinFET offers a calculated way for variable threshold 

voltage. It is also possible in IG-FinFET to fluctuate the 

threshold voltage during the operation by connecting the 

additional supplies receive a good range of threshold voltages. 

Single IG-FinFET can also be used as two coupled transistor 

therefore with IG- mode of operation have a broad range of 

threshold voltage as well as considerable area efficiency. But 

there are some negative aspects while using FinFET in IG mode 

like the high sub-threshold leakage. This paper mainly focused 

on the threshold control by multiple supply voltage. As in figure 

4 offers the additional supply on the back gate and this enhances 

efficiency and the speed of the circuit. In the mathematical terms 

enhance the speed by approx 40-43% compared to the simple 

IG-FinFET circuit. This circuit also increases the efficiency by 

7-10% of the circuit. The total power consumption of the circuit 

also varies from 24-28% using this implementation.  
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