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Abstract—A unified channel thermal noise model 

valid in all operation regions is presented for short 

channel MOS transistors. It is based on smooth 

interpolation between weak and strong inversion 

models and consistent physical model including 

velocity saturation, channel length modulation, and 

carrier heating. From testing for noise benchmark 

and comparing with published noise data, it is shown 

that the proposed noise model could be useful in 

simulating the MOSFET channel thermal noise in all 

operation regions.    

 

Index Terms—Unified channel thermal noise model, 

all region noise model, interpolation approach, 

BSIM3 noise model, short channel effect    

I. INTRODUCTION 

Circuit design for reducing the power consumption of 

electronic systems is the ultimate goal of every circuit 

designer. For this low power design, it is essential to use 

low voltage and low current circuits. This fact means that 

MOSFETs in the low power circuit can operate in the 

weak or moderate inversion region [1, 2]. As a result, 

noise characteristic as well as electrical characteristics of 

transistors in these regions becomes more important. 

Therefore, the noise behavior of short channel MOS 

transistors should be well modeled from strong inversion 

through moderate inversion into weak inversion. 

It has been observed that short channel MOS devices 

have somewhat higher channel thermal noise than long 

channel devices in the strong inversion and saturation 

region [3-5]. And it is known that this phenomenon is 

due to short channel effects associated with velocity 

saturation (VS), channel length modulation (CLM), and 

carrier heating (CH). As a result of accounting for these 

effects, it was shown that the dominant contribution to 

the drain current noise mainly comes from the linear 

channel region [3]. Nevertheless, this issue of excess 

noise is still an active area of investigation [1]. 

There are some unified channel thermal noise models 

for all quasi-static (QS) operation regions, namely weak to 

strong inversion and linear to saturation region. One is 

based on the MM11 or PSP model [6], another the EKV 

model [7], and a third the BSIM3 model [8]. The difference 

among these noise models lies in the way the short channel 

effects are realized within the framework of each compact 

transistor model. The channel thermal noise is mainly 

dependent on carrier mobility and inversion charge density. 

In above EKV and BSIM models, the effective electron 

mobility is modeled as 0 /(1 / ) ,x cE Eµ +  while it is 

modeled as 0 /(1 / )x cE Eµ +  in the PSP model. The 

PSP model is a surface potential based model in which 

the inversion charge density is computed from surface 

potential. The EKV model has been reformulated as an 

inversion charge based model since version 2.8. Because 

these models give a continuous inversion charge density 

throughout all operation regions, a unified thermal noise 

model can be consistently implemented without 

interpolation in their own compact model. But very 

accurate evaluation of surface potential or inversion 

charge density from implicit nonlinear equations is 

generally considered to be computationally expensive. 
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On the other hand, the BSIM3 model is a threshold 

voltage based model in which the inversion charge 

density is described by separate expressions for different 

operation regions. To obtain the unified model ensuring 

numerical continuity, such expressions are combined into 

a single expression with suitable interpolation. As a result, 

the inversion charge density can be efficiently computed 

from explicit functions of terminal voltages. 

It is likely that integrated circuits have been designed 

with the BSIM3 model more than with any other 

compact model [1]. However, the BSIM3 noise model to 

account for the short channel effects has not yet been 

implemented in Spice. Moreover, in the previous BSIM3 

based noise model [8], it was ignored that the velocity 

saturation is absent in weak inversion. So its noise 

predictions will be incorrect in weak inversion. In this 

article, a unified channel thermal noise model based on 

the interpolation approach and valid in all operation 

regions will be presented for the BSIM3 compact model. 

In addition, non-quasi-static (NQS) effect and extrinsic 

noises showing frequency dependence in power spectral 

density will be described, and a channel length limit for 

validity of the drift diffusion model used in noise 

analysis will be discussed. Finally the noise predictions 

of the proposed model will be compared with published 

noise data. 

II. UNIFIED THERMAL NOISE MODELING 

1. Linear Drain Current 

 

Using the inversion charge density iQ  valid from 

weak to strong inversion, the general expression to 

account for both drift and diffusion currents in channel is 

given by 

 

  (1)

  

where cV  is the channel voltage at point x  with 

respect to the source. Besides, iQ  in the linear region is 

given by (1 / ) ,ox gsteff c bC V V V−  bV  is given by 

bulk( 2 ) / ,gsteff TV V A+  and gsteffV  is the effective 

overdrive voltage [9]. In order to consider velocity 

saturation in many compact models as well as BSIM3, 

the effective mobility has been modeled as 

  (2) 

 

where 0µ  is the low lateral field mobility including 

mobility reduction due to the vertical field. Using the 

surface potential ,sφ  the magnitude of lateral electric 

field is given by / .x sE d dxφ=  In strong inversion and 

linear region, xE  can be approximated as / .cdV dx  

The critical electric field and the saturated drift velocity 

are related by sat 02 / .cE v µ=  By integrating (1) over 

the electrical channel length eL  shown in Fig. 1, the 

unified expression for the drain dc current in the all 

linear channel regions can be obtained as 

 

  (3) 

 

where ceffV  is the effective channel voltage, cL  is 

given by (1 / ) ,e ceff e cL V L E+  and 0g  is given by 

0 / .ox gsteff effWC V Lµ  

 

 

Fig. 1. Channel cross section of an MOS transistor with the 

velocity saturation region. 

 

For noise modeling in strong inversion, voltage ceffV  

in the linear or saturation region can be expressed as 

 

  (4) 

 

where dsatV  is the drain saturation voltage and csatV  is 

the channel saturation voltage at ex L=  [10]. This is 

obtained by using eL  instead of effL  in the BSIM3 

expression for .dsatV  The electrical channel length is 

given by .e effL L L= −∆  Also the length of velocity 

saturation region [11] is modeled as 

 

  (5) 

 

using following parameters with a model parameter jt  
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  (6) 

 

The exact values of csatV  and eL  are determined by an 

iterative process. But a single step can be used at a few 

percent errors. In order to model the effect of parasitic 

drain and source resistance ,dsR  the linear drain current 

is approximated by 

 

  (7) 

 

Here ceffV  has been used instead of deffV  in the 

BSIM3 model. Then the drain conductance at 0dsV =  

can be obtained as 

 

  (8) 

 

2. Strong Inversion Region 

 

Since the carriers in the VS region travel at their 

maximum velocity, they will not respond to the 

fluctuations of the electric field caused by noise voltage 

in that region. Therefore, the contribution of the VS 

region to the drain noise current resulting from 

fluctuations of carrier velocity should be ignored [3]. As 

a result, a general power spectral density (PSD) of the 

channel thermal noise current is given by 

 

  (9) 

 

where difµ  is the differential mobility defined as 

/d xdv dE  and sL  is given by 
eff0 ( /ceffV '

s eL L µ≡ −∫  

dif ) cdVµ  [11]. 

Under high electric fields, the carrier temperature cT  

increases with increasing electric field intensity. This hot 

carrier effect is not exactly known [12]. For simple noise 

modeling, the general relation between cT  and electric 

field has been assumed as 

 

  (10) 

where η  depends on the type of scattering mechanism 

[13]. When acoustic deformation potential scattering 

dominates, η  has a numerical value of 2 for silicon. 

Typically this value has been used in compact noise 

modeling [14]. Here this parameter will be treated as a 

modeling parameter. Then the PSD expression taking 

into account the parasitic drain and source resistance can 

be approximated by 

 

  (11) 

 

In the strong-inversion linear channel region, the 

magnitude xE  of channel electric field can be 

approximated by average electric field / .ceff eE V L≃  

After performing the integral, the PSD of the channel 

thermal noise current can be obtained as 

 

  (12) 

 

where γ  is the thermal noise coefficient, 1ρ ≡ +  

/ ,cE E  and / .ceff bu V V≡  Since 0xE =  at zero 

drain bias, a transistor operates as a passive conductor 

0dg  without velocity saturation effects. For any 

inversion level, therefore the noise coefficient γ  should 

be equal to unity at 0.dsV =  Zero drain bias implies 

that 0,ceffV =  0,u =  0 ,ρ =  ,c e effL L L= =  and 

0 0/ .dg gκ =  These results verify the fact that 1γ =  

at 0.dsV =  

Typical variations of the thermal noise coefficient γ  

and its factors for 2η =  are shown in Fig. 2. The factor 

1f  is defined as 0 0( / )( / ) /eff e dg L L gκ  and the factor 

2f  as 2(1 / 3) /(1 / 2).u u u− + −  For a long channel 

transistor with 18 m,L µ=  it can be seen that its noise 

coefficient γ∞  is equal to about 2/3 in strong inversion 

but is not equal to its known value 1/2 in weak inversion. 

This can be understood by considering the facts that the 

drain saturation voltage in weak inversion is not 

associated with the velocity saturation but associated 

with the exponential inversion charge density, and the 

phenomenon of the velocity saturation is not associated 

with diffusion current [1]. Such facts mean that the 

velocity saturation in weak inversion must be neglected 
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because drift current is negligible [11]. Hence 

,ceff dsV V=  ,e effL L=  and /x sE d dxφ=  should be 

used in weak inversion to exclude the velocity saturation 

and channel length modulation. In addition, since the 

inversion charge density iQ  is valid in weak inversion 

only when 2 ,c TV V≤  it can not be used in noise 

modeling of weak inversion with 2 .ds TV V>  As a 

result, (12) is not valid in the weak-inversion saturation 

region. Naturally this gives rise to incorrect noise 

predictions for a similar approach used in [8]. Thus there 

is need to model the channel thermal noise PSD taking 

into account the CLM exclusion and correct inversion 

charge density in the weak inversion region. 

 

3. Weak Inversion Region 

 

In the weak inversion region, the inversion charge 

density along the channel from source to drain can be 

written as 

 

  (13) 

 

where cnV  instead of cVα  has been used for accuracy 

[9, 15]. In the BSIM3 model, 0Q  is given by 

 

  (14) 

 

where sφ  is the surface potential in weak inversion and 

offV  is used to account for the tV  difference between 

weak and strong inversion regions. For short channel 

devices in weak inversion, the surface potential is not 

constant along the channel length due to drain induced 

barrier lowering (DIBL). So this variation will be 

approximated by average electric field. In the BSIM3 

model, the DIBL effect itself on the drain current is 

modeled as a decrease in the threshold voltage. 

When frequency is much smaller than collision 

frequency of carriers, the two diffusion coefficients 

involved in noise current and diffusion current are 

identical [16]. In the short channel device with high 

electric field, the longitudinal diffusion coefficient can be 

given by a generalized Einstein relation 

 

  (15) 

 

where nT  is the noise temperature which becomes equal 

to the carrier temperature cT  for displaced Maxwellian 

velocity distribution of the channel inversion layer [11, 

16, 17]. 

In general, the drain current is caused by both drift and 

diffusion. But since the current is mainly due to diffusion 

in weak inversion, the drain current can be approximated 

as 

 

   

  (16) 

 

where effµ  of the drift component has been replaced by 

.wµ  Since 0wµ µ=  for 2 ,η =  it can be seen that the 

velocity saturation is absent in weak inversion. Applying 

(9) to this charge sheet model with the mobility ,wµ  the 

PSD of the channel thermal noise current can be 

expressed as 

 

  (17) 

 

where effL  has been used to exclude the channel length 

modulation. Then the PSD expression taking into 

account the parasitic drain and source resistance can be 

 

Fig. 2. Typical variations of the thermal noise coefficient γ  
in (12) and its factors for a 0.18 µm CMOS process. Here γ  
is expressed as 1 2f f  and γ∞  is the noise coefficient for a 
long channel MOS transistor with L  of 18 µm. Note that 
γ∞  is not equal to its known value 1/2 in weak inversion. 
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approximated as 

 

  

  (18) 

 

where xE  can be approximated as E  and wL  can be 

obtained as (1 / ) /[1 ( 1) / ].eff c cL E E E Eη+ + −  In contrast 

to the constant surface potential of long channel devices 

in weak inversion, a large variation in surface potential 

was predicted for short channel devices in weak 

inversion [18]. In order to take into account this variation, 

the average electric field can be modeled as 

/ /s w ds effE d dx V Lφ δ= ≃ where symbol wδ  is a 

modeling parameter. Using (13) and (16), the above PSD 

of the channel thermal noise current can be expressed as 

 

  (19) 

 

For modeling flexibility in weak inversion, a different 

parameter wη  can be used instead of .η  In the devices 

with 2η =  or long channel devices with 1,ρ ≃  the 

noise coefficient γ  is equal to about 1/2 in the 

saturation region. And the spectral density increases 

when dsV  is reduced from saturation to zero. When 

0,dsV =  the noise coefficient is equal to 1, namely the 

spectral density is equal to that of the channel 

conductance 0 .dg  This result was also true for strong 

inversion. 

In weak inversion, the drain current can be obtained as 

 

  (20) 

 

Using this in (19), the PSD of channel thermal noise 

current in the weak-inversion saturation region can be 

expressed as 

 

  (21) 

 

This is the shot noise expression. The physical origin of 

white noise in weak inversion has been assumed to be 

either thermal or shot noise. But both assumptions lead to 

the same result for all bias points since both noises are 

related each other [1]. According to recent theoretical 

and experimental results, the short channel noise at low 

drain currents is dominated by shot noise due to the 

diffusion current near the source [19]. 

 

4. Moderate Inversion Region 

 

In moderate inversion, both drift and diffusion 

significantly contribute to the value of the drain current. 

Moreover, channel length modulation as well as current 

component is smoothly changed between weak and 

strong inversion regions. So the effect of velocity 

saturation should be gradually removed as operation 

transits from strong inversion to weak inversion [1]. As a 

result, it is difficult to obtain a simple expression for PSD 

of the channel thermal noise current in this region. Like 

in the EKV model [20], this problem can be solved by 

interpolating thermal noise PSD from weak to strong 

inversion. Hence a unified channel thermal noise PSD 

can be described as 

 

  (22) 

 

where w
idS  and s

idS  are PSDs for weak and strong 

inversion respectively, ic  is a sigmoid function given as 

follows [21]. 

 

  (23) 

 

This function has the value of one in the strong inversion 

region and smoothly transits to zero in the weak 

inversion region as shown in Fig. 3. In order to model the 

position and slope of the transition, model parameters 

0.04 VmV =  and 20.017Vmδ =  will be used for 

noise simulation. 

Similarly, by applying the sigmoid function into (5), 

the length of velocity saturation region is modified as 

 

  (24) 

 

Then channel length modulation is reduced to zero in the 

weak inversion region where diffusion current is totally 
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dominant. The ratio / effL L∆  versus gate-source 

voltage is also shown in Fig. 3. In weak inversion 

without CLM, we can confirm that the original length 

oL∆  of the VS region does not decrease but the 

modified length L∆  decreases appropriately. 

 

5. NQS Effect and Extrinsic Noise 

 

The intrinsic channel thermal noise due to resistive 

channel is white noise with a flat PSD up to 1012 Hz [1, 4, 

22]. From microscopic noise analysis for carrier 

scattering, the PSD of the thermal current noise due to 

carrier velocity fluctuations in a conductor G  is given 

by 2 24 /(1 )id cS kTG ω τ= +  where cτ  is the mean free 

time between collisions [23]. Thus the intrinsic channel 

thermal noise can be approximated as 

 

  (25) 

 

The mean free time is typically 0.1 ps at room 

temperature. Then the white noise approximation will be 

valid up to about 1 THz. But NQS effect and extrinsic 

noises show frequency dependence in the PSD below 1 

THz. 

An approach to account for the NQS effect is to use 

the multisegment model in which a transistor is divided 

into several channel segments. Each segment as a 

subtransistor is scaled appropriately and represented by 

an intrinsic QS model. Then noise PSDs can be obtained 

by circuit simulation [6]. Using a long channel NQS 

small signal equivalent circuit, an NQS noise model can 

be written as numerical integrations. This is because the 

transistor at nonzero drain bias is modeled as an active 

nonuniform transmission line. As a result, no analytical 

NQS expressions are given for such integrals. From 

numerical integration and multisegment simulation, it has 

been shown that the drain current noise PSD tends to 

slowly increase with frequency approximately as ω  

[24]. Since a transistor at zero drain bias can be regarded 

as an active uniform transmission line, its drain current 

noise PSD can be expressed as an analytical form [25]. 

At this point, the crude noise behavior at very high 

frequencies will be explored by generalizing such NQS 

effect for nonzero drain bias. Hence the NQS drain 

current noise PSD can be approximated as 

 

   

  (26) 

 

where the cutoff frequency oω  is given by 

0( / )d ox effg C WL  and corresponds to a frequency limit 

between QS and NQS operation. For ,oω ω≪  
nqs
idS  

will be equal to .c

ididS S
τ
≃  

One extrinsic noise is associated with the substrate 

resistance noise [26]. The thermal noise of effective 

resistance between the channel and substrate gives rise to 

fluctuations in the intrinsic substrate voltage. These 

produce an additional drain noise current via body 

transconductance mbg  [27]. As a result, the PSD of this 

noise current can be written as 

 

  (27) 

 

where bR  is the body or substrate resistance and bC  is 

the body depletion capacitance due to the depletion 

regions under the channel, source, and drain. This 

capacitance can be modeled as ( ).bs bd gbC C C+ +  For 

high frequency accuracy, this thermal noise can be 

expressed as the sum of multiple components with 

different poles due to the three-dimensional distributed 

effect of the substrate. But the above model with a single 

 

Fig. 3. Sigmoid function and / effL L∆  as a function of 
gate-source voltage. 
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resistance can be simply used at frequencies below 10 

GHz [28]. 

Another extrinsic noise is associated with the gate 

resistance noise [6]. At low frequencies, this noise can be 

modeled as an effective gate resistance [29]. The thermal 

noise voltage across the gate resistance gR  produces a 

drain noise current via transconductance .mg  At very 

high frequencies, it is known that this effect tends to be 

filtered out by the distributed gate resistance and 

capacitance [30]. This is true only when the effective 

gate resistance nR  is not much smaller than 1/ .mg  

But this resistance in modern short channel devices has 

been greatly reduced by using the folded and silicided 

gate with contacts on both sides. For this gate structure, 

the PSD of the drain noise current due to its resistance 

can be modeled as 

 

  (28) 

 

where nR  is given by 
2

( /12 )gR n  using folding factor 

,n  ( ) ,g gs gd gbC C C C= + +  ( ) ,m dg gdC C C= −  and 

the transadmittance * /(1 / )m m m mg g j C gω= +  instead 

of mg  has been used to account for the channel NQS 

effect. From this equation, it can be seen that the effect of 

the gate noise on the drain might not diminish but 

increase in a very high frequency band. 

Using the drain current noises discussed in this section, 

a total channel thermal noise PSD can be described as 

 

  (29) 

 

Fig. 4 shows the calculated and measured drain current 

noise PSDs for a short channel transistor with width of 

192 µm and length of 0.18 µm [6]. Here nR  is obtained 

as 0.2Ω . Although the frequency limit of validity is 

exceeded, the frequency is driven to values higher than 

the cutoff frequency 90of =  GHz of the transistor to 

show approximate noise behavior there. The NQS noise 

in the figure means ( ).cnqs
id idS S

τ−  It can be seen that a 

frequency dependence of drain current noise PSD in the 

GHz frequency range is modeled by the body resistance 

noise. 

 

6. Channel Length Limit of Validity 

 

At low electric fields, the carrier scattering is strong 

enough to ensure that carriers and lattice are in thermal 

equilibrium with .cT T=  For nonuniform high electric 

fields at which the voltage drop over the mean free path 

is larger than / ,kT q  carriers are heated due to low 

scattering rate, so .cT T>  Then the carriers and lattice 

are in nonequilibrium with temperature gradient. In 

ultrashort devices, steep junctions result in huge built-in 

electric fields. When the electric field varies rapidly in 

the devices, carriers display their wave nature. As a result, 

the drift diffusion (DD) approximation appears to be 

problematic for such devices [31]. Moreover the carrier 

mobility relates statistically the average carrier velocity 

to the electric field. Such averaging make sense if the 

channel length is much larger than the mean free path. To 

treat carriers as classical Newton particles, the mean free 

path cℓ  must be much longer than the mean electron 

wavelength cλ  [13]. From this discussion, it follows 

justly that 10c cL λ> >ℓ ≃  nm in silicon at room 

temperature. If the channel length is smaller than the 

mean free path, carriers go through the channel 

ballistically without significant scattering. Then the DD 

model used so far in noise analysis loses its validity for 

such nanoscale transistors. Recently the existence of new 

excess noise above the Nyquist thermal noise level was 

observed for sub-100 nm transistors but its insignificant 

 

Fig. 4. Power spectral density of drain current noises for an 

MOS transistor with W = 64 × 3 µm and L = 0.18 µm. Circled 

dots are the measured values of PSD [6]. The body resistance 

bR  of 250Ω  is used for modeling. 
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effect in transistors with 100L≥  nm was confirmed 

[32]. Thus it is desirable that a channel length limit of the 

proposed model is suggested as 100L≥  nm. 

III. NOISE MODELING RESULTS 

For model testing, the above model has been 

implemented in the Spice BSIM3v3 source code. Since 

no model parameters for published noise data are 

available, the BSIM3v3 model parameters for a 0.18 µm 

process (MOSIS T77A: MM NONEPI [33]) will be used 

in all noise simulations. Before the thermal noise model 

is verified against experimental noise data, a simple 

benchmark test is performed [1, 34]. In an MOSFET 

biased at 0,DSV =  its channel is equivalent to a 

conductor 0 .dg  As a result, the channel should show 

thermal noise consistent with its conductance [1]. This 

means that the γ  value for zero drain bias must be 

equal to 1 in any inversion level as well as in both weak 

and strong inversion. For a long channel transistor 

operating in the saturation region, its γ  is equal to 2/3 

in strong inversion and 1/2 in weak inversion. Thus in 

strong inversion, this γ  should decrease from 1 at 

0DSV =  to 2/3 in saturation. On the other hand, this γ  

in weak inversion should decrease to 1/2 in saturation. 

Fig. 5 shows the results of the benchmark noise test for 

a long channel nMOS device with 0.856jt =  and 

2.wη η= =  As expected, the results in both weak and 

strong inversion pass the noise test. This confirms that 

the proposed noise model is applicable in all operation 

regions. In this figure, dashed lines show the results of 

the original BSIM3v3 noise model. Its charge-based 

thermal noise model is given by 

 

  (30) 

 

where invQ  is the inversion channel charge [35, 36]. As 

can be seen, only the result in strong inversion passes the 

noise test. In weak inversion, γ  is not equal to 1 at 

0DSV =  and does not decrease to its value 1/2 over a 

DSV  range of about 5 .TV  Small circles show the 

results of another BSIM3 noise model [8]. As discussed 

in Section II.2, it is clear that γ  in weak inversion does 

not decrease to 1/2 in saturation where 5 .DS TV V>  

Now the predictions of the noise model will be 

compared with the published predictions and 

experimental data. Fig. 6 shows thermal noise coefficient 

γ  as a function of gate-source voltage. The used 

parameters are 0.856,jt =  1.442,η =  2.35,wη =  

and 0.1.wδ =  In the saturation region from weak to 

strong inversion, the γ  values of the noise model are 

compared with those of the published approach [7]. It 

can be seen that there is good agreement between the 

predictions of the two models. For 0,DSV =  it is 

confirmed that γ  has a value of 1 for all values of 

.GSV  But the original BSIM3v3 model does not 

accurately predict 1γ =  for 0DSV =  in weak and 

moderate inversion as well as the excess noise in 

moderate and strong inversion. 

Fig. 7 shows thermal noise coefficient γ  as a 

function of drain-source voltage. The used parameters 

are 0.856,jt =  1.21,η =  2,wη =  LINT = 0.015 µm, 

and RDSW = 186. From linear to saturation region in 

strong inversion, the results of the noise model are 

compared with the published noise data [4]. A good 

agreement between simulation and measurement is 

observed from linear to saturation region. Fig. 8 shows 

the PSD of channel thermal noise current as a function of 

gate-source voltage. The used parameters are 

0.856,jt =  2,wη η= =  LINT = 0.39 nm, and RDSW 

 

Fig. 5. Benchmark noise test for a long channel nMOS 
transistor with L of 18 µm. For 0,DSV =  it was confirmed 
from simulation data that γ  is 1 in both weak and strong 
inversion. In the saturation region, it can be seen that γ  is 
about 1/2 in weak inversion and γ  is about 2/3 in strong 
inversion. Dashed lines are obtained from the original charge-
based thermal noise model of BSIM3v3. Small circles are 
obtained from another BSIM3 noise model [8]. 
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= 235. Except these parameters, all other BSIM3 

parameters have the same values as those used in noise 

simulations for Fig. 7. For the saturation region in strong 

inversion, the PSDs of the noise model are compared 

with the published noise data [5]. In this figure, there is a 

good agreement between simulation and measurement 

for high gate-source voltages. For low gate-source 

voltages, it is observed that simulated PSDs have 

somewhat low values. To analyze this result, noise data 

consistent with known BSIM3 parameters should be 

available. Finally, it is pointed out that no noise model 

for weak or moderate inversion was included in [4] and 

[5] unlike unified noise models for all regions. 

IV. CONCLUSIONS 

A unified channel thermal noise model valid in all 

regions of operation has been presented for the BSIM3 

model. For a long channel transistor, the modeling results 

in both weak and strong inversion passed the benchmark 

noise test. From comparing with published noise data, a 

good agreement between simulation and measurement 

was observed for short channel transistors. Hence, this 

noise model could be usefully used in simulating the 

MOSFET channel noise in all operation regions. 
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Fig. 6. Thermal noise coefficient γ  as a function of gate-
source voltage for a short channel MOSFET with L of 0.18 µm. 
Small circles were predicted by another model [7]. For 

0,DSV =  it can be seen that γ  is 1 in all inversion levels. 
Dashed lines are obtained from the original BSIM3v3 noise 
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