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ABSTRACT 
 The use of low power, low noise devices for future 

electronic applications is becoming more and more 

important. The most promising device in the nanoscale 

range are based on multiple gate structures such as 

double- gate (DG) MOSFETs. These devices could be 

used for high frequency applications due to the 

significant increase in the transition frequency fT for 

these devices. For low noise radiofrequency applications, 

high frequency noise models are required. An useful 

compact modeling for circuit simulation applications 

require accurate, computationally efficient and physics-

based formulations of a symmetrical DG MOSFET. In 

this paper, compact channel noise model for Double Gate 

(DG) MOSFET has been developed and experimentally 

verified. The compact channel noise model of a DG 

MOSFET includes the physics based expressions for 

thermal noise, flicker noise and the corner frequency. 

Using this model the DG MOSFET noise performances 

are studied. 
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I INTRODUCTION 

The Silicon device technology is facing several 

difficulties, especially increase of power consumption 

due to short-channel effects (SCEs) become the biggest 

issue in further device scaling down.  

The low frequency noise (Flicker Noise) being attributed 

to the fluctuations of the current in MOS transistors 

would thereby be influenced by the back gate quality and 

bias. Indeed, excessive low frequency noise and 

fluctuations could lead to serious limitation of the 

functionality of the analog and digital circuits. It is well 

known that the Flicker noise is a serious concern for the 

RF IC design. A careful analysis is therefore necessary to 

identify the main noise sources and related parameters on 

which, the LF noise depends. In this paper, the thermal 

noise and the low frequency noise (Flicker Noise) models 

are presented and discussed through experimental data 

obtained on advanced DG MOSFET. 

Compact analytical expressions to model the thermal 

noise, flicker noise and the corner frequency are 

presented. These expressions depend on the mobile 

charge density and the drain current. We use here the 

compact model for symmetric doped DG MOSFET. 

II COMPACT ANALYTICAL NOISE MODELING 

A: Thermal noise prior to velocity saturation: 

The DG transistor structure under analysis is shown in 

Fig. 1, where Na is the uniform acceptor concentration in 

the silicon layer with thickness equal to tsi; tox is the 

equivalent gate dielectric thickness; and L is the channel 

length. 

 

 
Figure 1.  DG structure used to model the thermal and 

flicker noise.. 

 

The drain current noise power spectral density Sid(A
2/Hz) 

in the presence of  mobility degradation has been given 

as[4] 
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Where L is the channel length and Vdeff  the effective 

source-referenced drain voltage, respectively and g(V,E) 

can be expressed as[4] 

g(V,E)=Wµ(x) Q(x) where Q is the is the mobile charge 

sheet density per unit area. Again gc(V,E) can be 

expressed as[4]       gc(V,E) = g(V,E) (1+E/E0) 

For the long channel device E0→∞. So we can write for a 

long channel device    gc(V,E) = g(V,E) 
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So, the power spectral density of the local current 

fluctuations can be expressed as[4] 
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[Where KB=Boltzman constant, W=channel width, 

µ=surface mobility, ID=drain current, L=channel length. 

TL, TN are the lattice temperature and noise temperature 

respectively]. 

For a long channel device TC=TL. It is difficult for 

obtaining TN, thus we treat TN as TC during calculation 

and gc(V,E) = g(V,E) .Due to the above condition, the 

power spectral density of the local current fluctuations 

can be expressed as can be obtained from the following 

equation:  
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So, the drain current noise power spectral density 

Sid(A
2/Hz) in the presence of  mobility degradation has 

been given as 
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    Since for DGMOSFET [2]  
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                         Q0=4(KT/q) Csi 
Where Q is the mobile charge sheet density per unit area 

and Q/ is the 1st iteration result to solve the Q[2],[3] 
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Where Vth  andV0  and  Vth is defined as[2],[3] 
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Where Vth is the threshold voltage, q being the electronic 

charge, ni being the intrinsic carrier concentration, εsi is 

the permittivity of silicon,  is the work function 

difference between the gate electrode and the intrinsic 

silicon, Csi is the silicon capacitance and Cox is the oxide 

capacitance, µ is the effective mobility[3], W is the width 

of the device and L is the channel length. 

The term Vth ensures the correct behavior of Q above 

threshold. β=KT/q. The drain current can be expressed 

as[2                
0
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Integrating the above equation of  ID between QS and QD 

(Q=QS at source end and Q=QD at the drain end)[2]. 

    So    
2

02 2

DQ

id

Qs
OX

dQ KT dQ dQ
S P Q dQ

C q Q Q Q

  
     

  
   

 

B: Flicker noise prior to velocity saturation: 

The mobility fluctuation which affects the flicker noise 

depends on the inversion carrier density.  
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Taking the value of ID, g(V,E), Q and the Effective 

mobility then we can write the flicker noise spectral 

density as[4]  
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Then substituting the value of dV in the above equation 

and we get, 



 

322 

 

( )

2

2

er

0

. . .

2 2

D

S

Q

idflick

Q t

sh

OX

q Q
S K

Q BQ nCox

dQ KT dQ dQ

C q Q Q Q




é ù
ê ú

= - +ê ú
ê ú -+
ê úë û

é ùæ ö
÷çê ú+ + ÷ç ÷ê úç ÷ç +è øë û

ò
 

      .{( 1 2 3)

( 4 5 6 7 8 9)}

K I I I

I I I I I I

= - + + +

+ + + + +

 

       
( ) ( )

2 2

2
1

2 .

D

S

Q

Q

q Q
I dQ

Cox Q d Q b
=

+ -
ò                    

( ) ( )

2 2

2

.
2

.

D

S

Q

Q

KT q Q dQ
I

q QQ d Q b
=

+ -
ò  

( ) ( )( )

2 2

2
0

.
3

2.

D

S

Q

Q

KT q Q dQ
I

q Q QQ d Q b
=

++ -
ò      

   
 

2
2 24

2

D

S

Q

Q

Q dQ
I sh

Q b Cox
 

            

      
 

2
2 25 .

D

S

Q

Q

Q KT dQ
I sh

Q b q Q
 

               

 

2
2 2

0

6 .
2

D

S

Q

Q

Q KT dQ
I sh

Q b q Q Q
 

 

  

2

7 .
D

S

Q

Q

q sh Q
I dQ

Cox Q d Q b

 


          

( )( )
8 2

D

S

Q

Q

Q
I sh KT dQ

Q d Q b
s m=

+ -ò

( )( )( )

2

0

9 2

2

D

S

Q

Q

I sh KT

Q
dQ

Q d Q b Q Q

s m=

+ - +ò
  

Where B=b=S.ID/(2µWE0), d= n.Cox.Φ and  

  Q0=4(KT/q) Csi and 

2 2

2 0

0

( )[(2 / ) ( )

2
8( / ) log[ ]]

4 2

D S D

S D D

Si

OX S

I I W L kT q Q Q

Q Q Q Q
kT q C

C Q Q

   

 




 

 

 III. RESULTS 
A.Thermal noise: 

As the channel length gradually decreased , the peak near 

the drain also becomes a major contributor for gate noise 

because the high electric field near the drain generates 

high energy carriers and more thermal noise is produced 

as shown in fig 2 . 

 
Figure 2.  Modeled channel thermal noise prior to 

velocity saturation for different  channel length 

 

 If we increase the oxide thickness then the oxide 

capacitance decreases and drain current decreases. The 

thermal noise is linearly proportional to the drain current. 

So, if we increase the oxide thickness then the thermal 

noise is decreased as shown in fig 3. 

 

 
 

Figure 3.  Modeled channel thermal noise prior to 

velocity saturation for different oxide thickness 

 

B.Flicker Noise: 

Mainly, the flicker noise (1/f noise) depends on the 

number of fluctuations due to trapping and detrapping of 

carriers in the gate oxide and the mobility fluctuation due 

to drift velocity of the carrier.  
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Figure 4 Modeled channel flicker noise prior to velocity 

saturation for different channel length. 

 If we increase the carrier concentration, then the trap 

will be increased and the tunneling current also 

increased, then the number of fluctuation also increased. 

Due to this the flicker noise also increased as shown in 

fig 5. 

 
Figure 5 Modeled channel flicker noise prior to velocity 

saturation for different Not. 

 

If we increase the gate oxide thickness (tox) then the traps 

will be decreased. The tunneling current also decreases 

due to decrease of traps. The number of fluctuation 

decreases and the noise will decrease. We can say that, 

the flicker noise is inversely proportional to the gate 

oxide thickness as shown in fig 6. 

 
Figure 6 Modeled channel flicker noise prior to velocity saturation for 

different oxide thickness 

IV CONCLUSION 
In this paper we present a compact analytical noise model 

using the new compact analytical model for long channel 

DG MOSFET which considers doped silicon layer in a 

wide range of doping concentrations. We have developed 

a compact model for the thermal and flicker noise prior to 

velocity saturation and as well as after velocity 

saturation. We observe that our model shows better noise 

performance for the DG MOSFET than other modeling 

approach described in other literature. The compact 

model constituted by the expressions for the thermal 

noise, flicker noise and noise corner frequency can not 

only be used in hand calculations but also be 

incorporated in circuit simulation platform to predict the 

noise performance of DG MOSFET. Thus this paper will 

show the way for compact modeling the noise including 

various noise resources, which will be very helpful for 

the low noise analog IC optimized design at low power 

supply voltage. 
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