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Abstract—In this paper, a simple and improved noise 

parameter model of RF MOSFETs is developed and 

verified. Based on the analytical model of channel 

thermal noise, closed form expressions for four noise 

parameters are developed from proposed equivalent 

small signal circuit. The modeling results show a 

excellent agreement with the measured data of 0.13㎛ 

CMOS devices. 

 

Index Terms—RF MOSFET, analytical modeling, 

channel thermal noise, small-signal modeling, noise 

parameters. 

I. INTRODUCTION 

Due to continuous reduction of minimum channel 

length in CMOS technologies in the recent years, CMOS 

has become a candidate for RF applications[1, 2]. 

However, when working at high frequencies with short-

channel MOSFETs, the noise generated within the 

device itself is one of the key issues in the low noise RF 

circuit design[3]. Thus, a physics-based accurate 

modeling of high-frequency noise of deep-submicron 

MOSFETs is important for a low noise RF circuit. 

Channel thermal noise is the most dominant noise source 

of short-channel MOSFETs in high-frequency[3]. Four 

noise parameters (NFmin, Yopt = Gopt + jBopt, and Rn) are 

commonly used to specify the noise performance of  

devices and circuits[4]. The purpose of this work is to 

develop a new analytical noise parameter model of short 

channel MOSFETs to give an estimation of the noise  
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Fig. 1. Measured channel thermal noise and induced gate noise 

with different gate length. 

 

performance of RF MOSFETs. The results are based on 

analysis of each thermal noise source in the MOSFETs. 

Comparisons were made between the proposed noise 

model and the measured noise data. 

II. ANALYTICAL MODELING OF THERMAL 

NOISE AND NOISE PARAMETERS 

1. Channel Thermal Noise Model 

 

The thermal fluctuations in a gradual channel region 

of MOSFET cause the noise current, which is so called 

channel thermal noise[5]. It is well known that the 

channel thermal noise becomes larger as the gate length 

scales down because the channel conductance becomes 

larger[6]. The devices were fabricated by 0.13㎛ CMOS 

technology. The unit finger width and the number of 

fingers were 1.8 ㎛ and 64, respectively. Fig. 1 shows 

the extracted PSD of each noise source; channel thermal 

noise and induced gate noise. As shown in Fig. 1, 

compared with the PSD of channel thermal noise the  
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Fig. 2. Measured and modeled channel thermal noise as a 

function of frequency with different gate lengths. 

 

induced gate noise can be ignored in 0.l8 ㎛ or shorter 

devices. The PSD of the total channel thermal noise is 

modeled as [7] 
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where VGT=VGS-Vth, and Vo=IDS/WCoxvsat. This analytical 

channel thermal noise model takes into account mobility 

degradation, channel length modulation and carrier 

heating effects due to the lateral electric field in short 

channel MOSFETs. Fig. 2 shows the used channel 

thermal noise model, eq. (1), accurately predicts each 

noise current of DUT.  

 

2. Thermal Noise Sources From Parasitic Resistances 

 

Substrate and gate resistance were obtained by using 

Y-parameter analysis from S-parameter measurement 

data. To investigate each contribution of thermal noise 

sources at the drain output terminal intrinsic gm, gmb and 

gds is needed, which are extracted from S-parameter  

 

Table. 1. Summary of small signal parameter extraction results 

at VGS=0.8V and VDS=1.2V. 
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Fig. 3. (a) The contribution of each thermal noise source at 

drain output terminal and (b) power spectral density. 

 

measurement[8]. Table. 1 shows the summary of extract-

ed device parameters of 0.13㎛ and 0.18㎛ NMOSFET 

at VGS=0.8V and VDS=1.2V. At the drain terminal, PSD 

of the thermal noise from each resistance in the 

MOSFET as well as the channel thermal noise is 

calculated as shown in Fig. 3. The channel thermal noise, 

noise from the substrate resistance, and noise from the 

gate resistance are the top three most important noise 

source in short-channel MOSFETs.  

 

3. Noise Parameter Modeling 

 

It is well known that a noisy two port can be 

represented by the same noiseless two-port network with 

an input-referred noise voltage source vn having a PSD 

of Sv=4kTRn and an input-referred noise current source in 

having a PSD of Si=4kTGn [9]. Sv and Si depend on the 

internal physical noise sources and they are, therefore,  
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Fig. 4. Small-signal equivalent circuit for noise analysis. 

 

generally correlated. Their cross-correlation can be taken 

into account by using cross-correlation admittance Yc 

defined as  
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To characterize noise four parameters we need to 

formulate following four parameters ; Rn, Gn, Gc, and Bc. 

Based on the analysis of thermal noise sources of the 

short-channel MOSFET in section 2 and 3 we propose 

an improved equivalent small signal circuit of MOSFETs 

for noise characterization as shown in Fig. 4, which 

includes channel thermal noise source, substrate, and 

gate resistance. The equivalent noise voltage(vn) and 

current(in) source as shown in Fig. 2 are determined as  

 

21 21

11 11

21 21

(3.1)

(3.2)

dn mb sub nsub
n nrg

n dn mb sub nsub

i g R i
v v

Y Y

Y Y
i i g R i

Y Y

= + +

= +

 

 

The Y-parameters of the noiseless MOSFET can be 

obtained from the proposed small-signal circuit shown in 

Fig. 4 as 
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where Cgg=Cgs+Cgd. By using equation (3) and (4) the 

parameters of Rn, Gn, Gc, and Bc are calculated as 
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where Sid represents the PSD of channel thermal noise 

and we ignore induced gate noise and its correlation with 

channel thermal noise based on the analysis in section 2. 

The four noise parameters including Rn, Gopt, Bopt, and 

NFmin can be expressed as a function of Rn, Gn, Gc, and 

Bc[10]. 
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The four noise parameters, therefore, can be obtained 

from equation (6) and (5) as following. 
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where fT =gm/(2πCgg) is the unity gain frequency.  

III. EXPERIMENTAL RESULTS 

Noise parameters of short-channel MOSFETs obtained 

from proposed noise parameter equations (7.1-4) are  
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Fig. 5. Measured and modeled noise parameters of MOSFET 

as a function of frequency with Lmask = 0.13 ㎛ and 0.18㎛. 
 

compared with measured noise parameters. Test devices 

have W=1.8 ㎛ x 64, and L=0.13 ㎛ and 0.18㎛. The 

comparison between predicted and measured MOSFETs 

noise parameters at VGS=0.8V and VDS=1.2V versus 

frequency as shown in Fig. 5. In Fig. 5, we verified the 

derived noise parameter equations, eq. (7.1-4), are 

accurate by comparison with the measurements.  

IV. CONCLUSIONS 

In this paper, new noise parameter equations were 

proposed and verified with 0.13㎛ RF MOSFETs. 

Before this task, channel thermal noise modeling and 

analysis of noise sources from parasitic resistance was 

performed. Based on the analysis of each noise source, a 

noise equivalent circuit is proposed. From this circuit, 

noise parameter equations were derived and verified 

with measurements. The proposed noise parameter 

equations accurately predicts noise performance of RF 

MOSFET. Using the model, the noise performance can 

be predicted from S-parameter of the device without any 

noise measurement. 
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