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1. Introduction 

Due to the continuous downscaling of MOS transistor, 
CMOS become a viable technology in RF circuit design[1]. 
Low noise circuit design is one of the key issues in the 
overall RFIC performance, especially in the front-end re-
ceiver. Thus, it is important to understand the physical ori-
gin of the high-frequency noise in RF MOSFETs[2]. In this 
paper, we analyzed the origin of the channel thermal noise 
in RF MOSFETs taking into account various short-channel 
effects since the channel thermal noise has been known to 
be the most dominant noise source in deep sub-micron 
MOSFETs[3]. Firstly, we presented physics-based analyti-
cal channel thermal noise model and then we investigated 
the physical origin of the channel thermal noise by com-
paring MOSFETs with different channel lengths. 

 
2. Analysis of the Channel Thermal Noise Origin 

Commonly used noise models[3-5] results in significant 
under-estimation of channel thermal noise because they 
neglected short-channel effects. The current noise source 
and propagation equation which take into account the chan-
nel length modulation, velocity saturation and carrier heat-
ing effect are needed to investigate the channel thermal 
noise of short-channel MOSFETs.    

When a short-channel MOSFET is biased in the satura-
tion region, the channel of the MOSFET is divided into two 
regions. One is the so called gradual channel region of 
length Lc (region I) and the other is the velocity saturation 
region of length △L (region II) as shown in Fig. 1. Since 
the contribution of the carriers in the velocity saturation 
region to the channel thermal noise is negligible[6], we will 
focus on the formulation of the channel thermal noise in the 
gradual channel region. The noise characterization involves 
derivation of the current noise source, Sin(x), and propaga-
tion equation from local fluctuations to the output port, A(x). 
Then the current noise power at the drain electrode can be 
expressed as 
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The total channel thermal noise is obtained by integrating 
(1) over all channel region I. The current noise source can 
be derived as  
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where Dn is the noise diffusion coefficient, W is the width 
of the channel, q is the electronic charge, QI

’(x) is the in-
version charge per unit area, Tc is carrier temperature, and 

)(' xnμ  is ac mobility. Note that noise source where veloc-
ity saturation effect plays a role should be derived by using  

ac mobility concept[7,8]. Transfer equation including ve-
locity saturation effect is calculated as following. 
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where E(x) is the electric field along the channel, and Ec is 
the critical electric field. The total channel thermal noise is 
acquired by using eqs. (1)-(3) and the result is compared 
with measured data in Fig. 2. The predicted channel ther-
mal noise shows excellent agreement with measurements 
from long channel to short channel MOSFET, which veri-
fies the validity of the model. 

Fig. 3 shows the spatial distribution of Sin(x), A(x), and 
Sid(x) of a short-channel MOSFET and the great part of the 
channel thermal noise originates close to the source junc-
tion. This phenomenon represents that the effect of spatial 
distribution of noise source which is dependent on the in-
version charge, QI

’(x), is more dominant than the effect of 
spatial distribution of propagation which is dependent on 
the electric field, E(x).  

Fig. 4 shows the spatial distribution of Sid(x) of MOS-
FETs with different channel lengths. Higher Sid(x) level of 
shorter channel devices can be explained as A(x) is much 
stronger in shorter channel devices due to higher E(x) al-
though all devices have a similar magnitude of Sin(x) as 
shown in Fig. 5.  

Fig. 5 shows the normalized spatial distribution of Sin(x), 
A(x), and Sid(x) with various channel lengths. As the chan-
nel length becomes longer, the channel thermal noise near 
the source junction is greater as shown in Fig. 5. The lateral 
position dependency of the propagation, A(x), becomes 
weaker in long-channel device since the smaller E(x) in the 
longer channel devices makes E(x)/Ec ≈ 0 in eq. (3). Simul-
taneously, current noise source is more localized near the 
source junction in a long-channel device.  
 
3. Conclusions 

In this work, the spatial distribution of channel thermal 
noise is analyzed by using equations for current noise 
source and its propagation which take into account short 
channel effects such as velocity saturation and carrier heat-
ing effect. The channel thermal noise is dominated by the 
source-side contributions in the gradual channel region. We 
compared characteristics of the channel thermal noise with 
different channel length MOSFETs.  
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Fig. 1. The channel region of MOSFET in saturation mode.  
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Fig. 2. Measured and modeled channel thermal noise. These  

show the validity of derived equations, (2) and (3). 
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Fig. 3. Spatial distribution of Sin(x), A(x), and Sid(x) for 130nm 
channel length MOS transistor. 
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Fig. 4. Spatial distribution of channel thermal noise, Sid(x), for 

MOSFETs with different channel lengths. 
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Fig. 5. Normalized spatial distribution of Sin(x), A(x), and Sid(x) 

for MOS transistors with different gate lengths. 
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