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ABSTRACT 

 

In this paper we propose an alternate solution to model power 
spectral density of LER, and study the effect of Fin LER on 
the subthreshold behavior of FinFETs. Basically the effect is 
considered on the subthreshold slope. We also take into 
account the channel length dependence of LER. The 
analytical model of the subthreshold slope is derived from a 
2D electrostatic solution of the FinFET. The variability effect 
has been considered using propagation of variances.  
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1 INTRODUCTION 
 

Statistical variability such as line edge roughness (LER) 
and random dopant effects have become major concerns in 
the nanoscale regime.  Due to the intrinsic body, multigate 
devices such as FinFETs don�’t suffer from the random 
dopant effects, but still LER causes significant fast 
variations in the electrical parameters [1]. To analyze the 
effect of LER on the electrical performance of the FinFETs, 
several studies have been done [2, 3]. As LER manifests 
itself as a random process, quite a few power spectral 
densities (PSD) have been proposed to analyze and model 
LER. The two most commonly used PSDs are the Gaussian 
and exponential [4], but it has been pointed out that both of 
these give non-zero power at zero frequency (dc) [5], and 
hence a log-normal PSD was proposed to fit the measured 
fast Fourier transform (FFT). We here propose an alternate 
solution based on a premise that LER is equivalent to a 
�“modulated�” random pulse train. This premise helps us to 
derive a PSD which gives the desired frequency shift, and 
hence zero power at zero frequency. Another important 
effect observed with LER is its dependence upon the 
channel length [6]. We model this effect by making the 
hypothesis that the frequency components in the PSD 
which are smaller than 1/L will not contribute to the line 
roughness.   
  The effect of LER on the subthreshold behavior of 
FinFETs is considered by calculating the variance in the 
subthreshold slope using propagation of variances.  The 
LER can affect both gate length and silicon thickness of the 
device (see Fig.1), but for overlapped devices (considered 
here), only change in silicon thickness would affect the 

subthreshold behavior, hence we only consider the Fin 
LER.  
 For TCAD simulations, we have assumed the following 
device specifications for the DG MOSFET: Silicon 
substrate with p-type doping Na=1015 cm-3. To simplify the 
calculation, we have replaced the insulator thickness tox by 
the electrostatically equivalent thickness t�’ox = tox si/ ox 
where ox=11.8 is the dielectric permittivity of silicon. 
Hence, the effective thickness of the extended body is H = 
tsi+2t�’ox. Idealized, equipotential drain and source Schottky 
contacts with work function 4.17eV (same as for n+ silicon) 
are used in order to facilitate the model verification against 
the numerical simulations (Silvaco Atlas), thus avoiding 
depletion regions in the contacts. As gate material, we 
selected a near mid-gap metal with the work function 4.53 
eV. 
 

 
 

Fig.1. Schematic figure of DG device to illustrate LER 
 

2 VARIABILITY ANALYSIS 
 

The random pulse train can be described as[7]: 
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Here Ak is a random number with zero mean, a Gaussian 
distribution and an assumed standard deviation of  (as 
the standard deviation is a function of channel length [6], 
here basically denotes the standard deviation of very 
long channel devices), is another normally distributed 
random number in the interval (0, ). To derive the PSD, 
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we basically have to consider the autocorrelation function 
of the above random function, given as: 
 

( ) ( ) ( )LER o oR x y x y x x  (2) 
 
We further assume that the random process is a wide sense 
stationary process and hence the autocorrelation function is 
independent of xo. The PSD of such a function is given as 
[7]: 

2
2( )

( )
n

j k
k k n

n

P k
S k A A e  (3) 

 
where ( )P k  denotes the Fourier transform of the function 
P(x). Assuming that the random numbers Ak, Ak+n are 

independent, the crosscorrelation k k nA A  is given as: 
2  for n=0 and 0 for n 0 

Hence eq. 3 becomes: 
 

22 ( )
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As mentioned before, we consider a �“modulated�” 
rectangular function as the suitable candidate to describe 
LER. The Fourier transform of a truncated rectangular 
function is given in terms of a sinc function. The 
modulation generates the required frequency shifting. Thus 
the final equation of PSD is given as: 
 

2 2( ) sincS k k  (5) 
 
As at k=0, S(k)=sinc2( ), the power spectral density goes to 
zero at �‘dc�’. As stated above the standard deviation is 
basically a function of the channel length. Thus for short 
channel devices, the actual transferred LER is different 
from the LER measured from a long channel device. As 
indicated before, to model the dependence on the channel 
length, we make a premise that the spatial frequency 
components smaller than 1/L will not effect the line width. 
Thus the length dependent variance can be given as:    
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Fig.2 shows the variation of 2 ( )LER L  with the channel 

length. We have assumed =2.5nm. 
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Fig.2. Modeled length-dependent variance,  

 
3 SUBTHRESHOLD SLOPE MODEL AND 

LER EFFECT 
 

The subthreshold slope can then be determined as follows 
                                   

(10)

gs

th

m

V ln
S

d dV
          (7) 

where m represents the top-of the barrier potential along 
the source-to-drain axis, i.e. along the maximum 
penetration depth, and ln(10)thV  indicates the ideal value 
of �‘S�’ i.e. 0.06V/decade. The above equation encompasses 
the physical sense that the subthreshold slope is basically 
dependent on gate to channel coupling and approaches to its 
ideal value for the long channel devices. The potential 
along the source-drain axis can be modeled using the 2D 
Laplace equation, the solution is given as [8]: 
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where DG represents the scaling length for a double-gate 
device. As in deep subthreshold the top-of-the barrier is at 
the device centre, the centre potential (at x=L/2) can be used 
to evaluate eq. (7). Using eq. 8 in eq. 7 gives us simplified 
equation for �‘S�’: 
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Fig. 3 shows the scaling of the subthreshold slope, 
compared with the TCAD simulations.  
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Fig.3. Modeled subthreshold slope compared with the 
numerical simulations 
 
To model the variance in �‘S�’ we use the propagation of 
variances, the variance in electrical parameter EP  is with a 
given variance in the silicon thickness is given as: 
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where 2

sit  denotes the variance in silicon thickness. The 
variance is basically equal to the variance of line width 
roughness (LWR) given as [2]: 
 

2 22 1LWR LER  (11) 
 
where  denotes the cross- correlation the between top 
and bottom surfaces.  Here we assume  = 0 (for resist-
defined patterning), Fig.4 shows the variation of standard 
deviation in the subthreshold slope with the channel length.  
Note that the constant LER predicts a completely different 
behavior. 
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Fig.4. Variation of S with the channel length.  
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