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Abstract - FinFET devices are comprehensively investigated owing to the projection for 
application in the CMOS integrated circuits fabrication. Deducing MOSFET size have great 
influence on electrostatic characteristic.The indiscriminate variations of the characteristics lead to 
a divergence effect which is imperative from the point of view of design and manufacture. We 
have considered only n-channel devices. The behaviors of hole mobility of multigate devices is of 
course of great importance [1-2]. Electron mobility of n-channel FinFET has simulated with 
respect to effective electric field. Mobility degradation has been observed with thinner silicon film, 
at higher electric field, which can be attributed to "volume inversion" in FinFET. In this paper, 
different types of electrical characteristics have been simulated for different operating regions 
and different channel lengths and also for different oxide thickness. The considerations are 
illustrated with measurement data of a series of devices and with distributions of the parameters 
extracted from these data. The analytical expressions in this work can be useful tool in device 
design and optimization.
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Abstract - FinFET devices are comprehensively investigated 
owing to the projection for application in the CMOS integrated 
circuits fabrication. Deducing MOSFET size have great 
influence on electrostatic characteristic.The indiscriminate 
variations of the characteristics lead to a divergence effect 
which is imperative from the point of view of design and 
manufacture. We have considered only n-channel devices. 
The behaviors of hole mobility of multigate devices is of course 
of great importance [1-2]. Electron mobility of n-channel 
FinFET has simulated with respect to effective electric field. 
Mobility degradation has been observed with thinner silicon 
film, at higher electric field, which can be attributed to "volume 
inversion" in FinFET. In this paper, different types of electrical 
characteristics have been simulated for different operating 
regions and different channel lengths and also for different 
oxide thickness. The considerations are illustrated with 
measurement data of a series of devices and with distributions 
of the parameters extracted from these data. The analytical 
expressions in this work can be useful tool in device design 
and optimization 
Keywords : FinFET, MOSFET,  mobility,  electrical 
characteristics. 

I. INTRODUCTION 

he continuing scaling of CMOS (Complementary 
Metal-Oxide-Semiconductor) technology requires 
noteworthy innovations in different fields, from 

short channel effect restraint to carrier transport 
improvement [3-7].As devices get smaller further and 
further,the problem with conventional MOSFETs are 
increasing. We are facing severel problem such as 
threshold voltage(VT)rolloff ,drain induced barrier 
lowering (DIBL), increasing leakage current,mobility 
degradation and so on . To reduce these effect several 
MOSFET has been introduced such as double 
gate,FinFET,Trigate,Fourgate,All around gate and 
etc.We will discuss here the eletrostatic characteristic of 
FinFET such as current – voltage, effective mobility 
variation with effective electric field. The distinguishing 
characteristic of FinFET is that the conducting channel is 
wrapped by a thin silicon "fin", which forms the gate of 
the device. Considering the gate length as the effective 
channel length. It is very important to know the 

 
 

 

 
 

  
  

     
   

  

 

II.

 

THEORY

 

All the MOSFET characteristics are

 

expressed 
as the functions of surface potential at the

 

source and 
drain ends. In the threshold voltage

 

approach separate 
solutions are available for different

 

regions of operation 
(Fig. 1).

  

 
 
 
 
 
 
 
 
 
 
 
 
 

a)
 
Cross section area of FinFET.    b)Top view of FinFET .

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 : Device structure used in this study .(FinFET  
consists of a vertical Si fin controlled by self_aligned 

double gate) 

a) Linear Region 

It is the region in which 

 

, increases linearly 
with vds

 , for a given v 
g> v 

t
 . To a first approximation,

    

 

I ds
 , in the linear region is given by [8] 
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characteristics of MOSFET to work properly from this 
aspect we tried to discuss the qualitative feature of
FinFET characteristics.
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 b)

 
Saturation Region

 In this region 

 

no longer increases

 

as 
increases. Once more to a first rough calculation,

 

 

in

 

the saturation region is given
 
by [9]

 
 
 
 
 
 
 
 
 
 
 
 
 

 

is the depletion layer thickness and 

 

is the oxide

 

thickness .

 

c)

 

Cut-Off Region

 

This is the region where so that

 

no 
channel subsist between the source and drain, In fact

 

for 

  

drain current follows an exponential

 

decompose is referred to subthreshold current. The low

 

electron concentration results in low electric field along

 

the channel and as a result the subthreshold current is

 

primarily owing to difusion of carriers. The current in

 

subthreshold region is approximated as [8]

  

 
 
 
 
 
 
 
 
 

Δφ

 

is the work function difference between the gate

 

electrode and the almost intrinsic silicon body.

 

The FinFET characteristics shown in Figures 2 is 
often

 

called output characteristics while those shown in 
Figure

 

3 and 4 are called transfer characteristics.The 
threshold

 

Voltage, 

 

for FinFET is given as [10]:

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

 
 
 
 

 
 

 
 

 

In the scrupulous case of the MOSFET, three

 

mechanisms combine to determine the effective

 

mobility, namely

 

Coulomb scattering[13],

 
 
 
 
 
 
 
 

phonon scattering[13], 

 
 
 
 
 
 
 
 

and surface roughness scattering[14],

 
 
 
 
 
 
 
 

These three factors that contribute to the total 
mobility

 

can be combined using Matthiesen’s rule 
[11g17],

 

which states that

 
 
 
 
 
 
 

In equation (F), 

 

is the total mobility and 
the

 

factors in the right-hand side of (F) represent the

 

phenomena contributing to mobility. Figure   shows

 

the 
dependence of the inversion layer mobility on the

 

effective electric field .
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The applied Effective electric field,        is defined
as[11]
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The mobility is resolute by numerous scattering
mechanisms through which the carriers exchange
momentum with the semiconductor. the scattering
mechanisms are owed to the imperfections of the
semiconductor crystal, namely lattice vibrations, ionized 

such as surface roughness and interface trapped 
charges.The mobility in the inversion channel has long 
been a subject of powerful examination [12].
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III. RESULTS

Most important Features of FinFET are:
1. Ultra thin Si fin for suppression of short channel

effects. 
2. Raised source/drain to reduce parasitic resistance 

and improve currrent drive. 
3. Symmetric gates yield great performance, but can 

built asymmetric gates that target VT. 
4. FinFETs are designed to use multiple fins to achieve 

larger channel widths.Source/Drain pads connect 
the fins in parallel. As the number of fins is 
increased ,the current through the device 
increases.For eg: A 5 fin device 5 times more 
current than single fin device. 

5. The main advantage of the FinFET is the ability to 
drastically reduce the short channel effect. In spite 
of his doublegate structure, the FinFET is closed to 
its root, the conventional MOSFET in layout and 
fabrication.

© 2011 Global Journals Inc.  (US)
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5

impurity atoms, and interface related imperfections, where µ is the effective mobility in the channel
(inversion) region, is the oxide capacitance per unit
area, W is effective channel width,L is the effective
channel length and is threshold voltage.tݒ

Cox



  

 
  

  
  

 
  

  
  

 
 

 
 

 
  

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 :

 

show the output characteristics of FinFET of

 

Lch=10μm, Wfin=150nm, tsi= 30nm for various gate

 

voltage. Symbols are for experimental data and solid

 

line for simulation result of this work.

 

Figure 2 Indicate that drain current increase with

 

increase in drain voltage this condition is true upto

 

pinch 
off voltage then there is no effect of drain

 

voltage over 
drain current.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

    
  
 

 

 
  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4

 

:

 

Subthreshold current of n-Channel FinFET of  
Lch=10μm Wfin=150nm, tsi= 30nm. Desh line for the

 

experimental data and solid line for simulation result of

 

this work.

 

This figure indicate the Subthreshold current of 
n-

 

Channel FinFET flowing though threshold volteage

 

limit do not cross.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5

 

: Effective mobilities versus effective field for

 

10μm 
n-channel FinFET and 

 

=30nm.
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Fig.3 : Transfer characteristics of FinFET of Lch=10μm,
Wfin=150nm and tsi= 30nm.Desh line for the 

experimental data and solid line for simulation result of 
this work.

Figure 3 shows that there is no current flowing 
upto threshold volteage but after this voltage, current 
start increasing linearly.This is ideal condition. In pratical
situation current flow before threshold volteage
reaching.
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Figure 5 Indicata that The two components that
contribute to the effective mobility degradation.
Coulomb scattering ) at low field rise sharply
where phonon scattering( ) at high field fall
gradually.For , effective mobility rise at
low value of but after certain value of 
goes straightly due to phonon scattering.
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Fig.6

 

:

 

Inversion layer due to effective mobility in the

 

different scattering mechanisms with respect to 

.

 

Fig.6. Indicata that the three components that

 

contribute to the effective mobility degradation. In this

 

figure surface roughness scattering 

 

) taken into

 

account it fall swiftly as 

 

is very high.For 

 

effective mobility start going down where in previous

 

figure it was straight line.

  

Coulomb scattering from ionized impurities as 
well as

 

charged defects near and at the interface

. 

Coulomb

 

scattering

 

is more important for low electric 
fields,

 

becoming less effective for higher fields due to 
carrier

 

screening.

 

Phonon scattering is caused by the interaction 
of

 

carriers with lattice vibrations. Increasing 
temperatures

 

make the carrier-phonon interaction more 
intense, thus

 

decreasing the mobility component due to 
phonon

 

scattering.

  

Surface roughness scattering from deviations of 
the Si‐

 

SiO2 interface from an ideal flat plane which 
displays

 

a 

 

strong dependence on the effective field. 
Strong

 

fields pull carriers toward the surface, making 
surface

 

roughness the dominant scattering contributing 
to

 

mobility degradation with strong fields.

  

At room temperature (300 K): For light inversion,

 

Coulomb and phonon scattering dominate. For heavy

 

inversion, surface roughness and phonon scattering

 

dominate.

 
 
 

 

  
  

  
 

   
  

 
  

IV.

 

CONCLUSION

 

In this paper presented electrical

 

charecteristics 
of trigate FinFET from various aspect.

 

FinFET circuits 
can achieve lower functional voltage

 

supply and lower 
optimal energy consumption

 

compared to CMOS 
circuits. In addition, FinFET has

 

better immunity to soft 
error in sub-threshold region.

 

Trigate FinFET has been 
projected as a gifted

 

alternative for bulk CMOS 
technology to continue the

 

technology scaling. The 

 

imulation result of this work

 

for n-channel FinFETs are 
cope with available

 

experimental and/or simulation 
data.The analytical

 

expressions in this work can be 
useful tool in device

 

design and optimization such as 
CVcharacteristic,

 

dopping profile etc.
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