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Abstract – A BJT noise model with the external base and 

emitter circuits modelled by Thévenin sources is synthesized.  
Two Vn – In low-frequency noise models are presented, too. The 
effect of the frequency, of the BJT small-signal ac current gain 
and of the source resistance on the noise is analysed. Noise 
simulations are performed.  MATLAB simulation results are 
presented. 
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I. INTRODUCTION 

The noise is among the key parameters of many today’s 
communication systems. Therefore, noise modeling is a very 
important step for the computer-aided design of electronic 
circuits used in the modern communication systems. 

In order to predict correctly the noise behavior of such 
systems, accurate noise models for semiconductor devices are 
required. Without them, the design and optimization of noise 
characteristics and parameters cannot be successful. 

Since the key element in many circuits is the bipolar 
junction transistor, extensive work has been carried out in the 
field of noise modeling and analysis of this device. The 
existing BJT physical models [1, 2] are too complex and 
require many parameters. These models generally show good 
agreement with measured data, but some deviations can still 
be observed, since the correlation between voltage and current 
sources is completely ignored in these models. In many cases 
for practical applications, noise modeling for transistors can 
be split into a high and a low frequency segment. The low-
frequency noise, dominated by the  noise, is usually 
neglected, that is not correct enough. 

f/1

On the base of the small-signal BJT models [1] and on the 
-  noise sources an analytical approach to overcoming 

the above defined problems is proposed in this paper. The 
equivalent input noise, as well the correlation coefficient 
expressions corresponding to the low-frequency BJT noise 
models developed, are obtained. A MATLAB code is created 
and it can be used for noise analysis of the BJT electronic 
circuits. An example of simulating the BJT noise 
characteristics using the modeling expressions is presented as 
well.  
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II. LOW – FREQUENCY BJT NOISE MODELING  

The BJT noise model at the low frequencies can be 
synthesized on the base of the BJT small – signal models 
which are commonly used to analyze BJT circuits. These are 
the hybrid - π model and the T model [2]. The two models 
give identical results. 

The principal noise sources in a BJT are thermal noise in 
the base spreading resistance , shot noise and flicker noise 
in the base bias current , and the shot noise in the collector 
bias current . 

bbr ′

BI

CI
 The BJT noise model with external base and emitter 

circuits is shown in Fig. 1. 
 

 

Fig.1. Low-frequency BJT noise model with base and emitter circuits 
modeled by Thévenin sources 

 
The external base and emitter circuits are modeled by 

Thévenin equivalent circuits. With , the circuit 

models a common - emitter or CE stage. With 

0V2 =
0V1 = , it 

models a common - base or CB stage. The noise sources 
, , and , respectively, model the thermal noise in 

,  and . In the band 
btbV ′

bbr ′

1tV

1R
2tV

2R fΔ , the thermal noises have 
the following mean-square values 
 

fkTr4V bb
2
btb Δ′′ =                                (1) 

fkTR4V 1
2
1t Δ=                                  (2) 

fkTR4V 2
2
2t Δ=                                  (3) 
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where  is the Boltzmann’s constant, and k T is the absolute 
temperature. 
The shot noise and flicker noise in the base bias current  

are modeled by , and the shot noise in the 

collector bias current  is modeled by . The mean -
square noise current values are given by 

BI

fbshb II +

CI shcI

 

fqI2i B
2
shb Δ=                                  (4) 

f
fIK

i
FA

BF2
fb

Δ
=                              (5) 

fqI2i C
2
shc Δ=                                  (6) 

where is the electronic charge,  is the flicker noise 

coefficient, and  is the flicker noise exponent. 

q FK

FA
The short-circuit output collector current can be described 

by 
( ) shctemetbmbscc IVGVGI +−= .              (7) 

 

The transconductances  and , respectively, can be 
expressed as 
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In these equations,  is the collector–emitter resistance, or β  

is the small-signal ac current gain, ( )ββα += 1/ , and 
( ) ( )β+++=′ ′′ 1/rrRr ebbb2e  

where is the small - signal base - emitter resistance. ebr ′

Based on the noise model in Fig.1, the voltages  and  
in Eq. (7) are obtained as 

tbV teV

 
 

( )( )bb1fbshbbtb1t1tb rRIIVVVV ′′ +++++=   (10) 

( ) 2fbshbshc2t2te RIIIVVV −−++=  .     (11) 
 

The equivalent noise input voltage  can be expressed as 

a voltage in series with 1V or CE stage and in series with 2V  
 CB stage, respectively. 
ubstituting Eqs. (10) and (1

niV
 f

for
S 1) into Eq. (7) and factoring 

 yields mbG
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The equivalent noise voltage in series with  is given by l 

terms in brackets except the  and s, i.e. it can
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where q/kTVT = is the thermal voltage. 
To express  as a voltage in series with , Eq. (13) is 
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This expression gives the mean-square equivalent noise i
voltage for the CE stage. To obtain  for the CB stage, the 

nput 
 2

niv

expression is multiplied by ( )2memb G/G . It follows from 

Eq. (14) that if 0R2 = , 2
niv  is indepe dent of or . 

Equation (14) can be sim is assumed that 
n

plified if it 
β/Rr 2o >> and α/rr eo ′>> , i.e. it is assu e

approximations [3 . ith these approxima on
m d the 

ca
 

or  
] hold W ti s Eq (14) 
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This approximation applies to both the CE and

Two forms of the 

     

 the CB stages. 
nn IV −  low - frequency noise models 

of the BJT are shown in Fig. 2. 
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a) b) 

 

Fig. 2. Low – frequency Vn - In BJT noise models 
 
The m xternal 

resistor in series with the base. The asterisk indicates that 
is

mo en by his equation is the 

odel of Fig. 2 a) assumes that bbr ′  is an e

bb ′
 to be considered noiseless. The model of g. 2 b) assumes 

that bbr ′ is internal to the BJT. 
 To determine the values of nV  and nI  Eq. (13) is used for 
both dels. Because V  g

r  
 Fi

ni

voltage in series with the base, 1R  must be considered to be 
the resistance of the signal source. In the nn IV −  model, the 

nI  noise source connects between signal ground and the 
input. Therefore, 2R  must be set to zero in the circuit to solve 
for nI . Otherwise, 2R  would appear in the model and nI  
would connect from he base to the lower node of 2R . In this 
case, Eq. (13) becomes 
 

iv  t

 t

( )( )bb1fbshbbtb rRII ′′ +1tni VVV ++  +=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

+
+ ′

C

Tbb1
shc I

VrR
I

β
.                     (16) 

 
A. Analysis of the First Vn - In Model 

ten in the form 

   

 
For the first model Eq. (16) can be writ
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B. Analysis of the Second Vn - In 
 

r the second model Eq. (16) can be converted into the next 
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and the mean-square value of  noise source  is id

with  determined by Eq. (21). 
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III. SIMULATION RESULTS

Using the above sh  BJT mod e noise in a CE stage 
is simulated. 

  

 

own els, th
The BJT is biased at IC mA1=  and 

.V10CBV = The small - signal parameters are Ω40r bb =′ , 
,100=β  ,k40ro Ω=  ,k5.2r eb Ω=′  gm =

the effect of the frequency on the e 
h noise voltage is presented. It can be concl  

e eV ot

.S04.0  
In Fig. 3 mean-squar

value of t e uded
fro

clear from

m the results that th  thermal nois t and the sh  noises 

1bV  and cV are independent of frequency, while the flicker 
noise 2bV  is inversely proportional to he frequency. It is 

ig. 3 that close to the frequency Hz10f
 t

 F =  the 
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lent
coincides 

equiva  noise input voltage is almost coincides with low-
frequency component and for Hzf 1000>  it with 
the thermal component.  

 
Fig. 3. Noise voltage as  frequency 

 

The noise voltage change  small-signal  
current g ults, th
th

a function of 

 as a function of ac
at ain is shown in Fig. 4. It follows from the res

e β is not effected on the thermal noise. Although 2
niv  

decreases as β increases, the sensitivity is not that great for 
the nge of ra β for most BJTs. Most BJTs have a β in th  

range 1000100 ≤≤

e

β . As β increases over this range, 2
niv  

decreases by 2.855dB. Superbeta transistors have a β in the 
range 001001000 ≤≤ β . As β increases over this range, 

2
niv  decreases by only 0.345dB. Therefore, only a slight 

improv  can be expected by using 
er 

emen ise pet in no rformance
high β  BJTs, especially, when the transistor is biased at the 
optimum collector current. 

 
Fig. 4. Noise voltage ch  ofange as a function β  

 

Fig. 5 d ltage, as 
well, its c s tance.  It 
is

oi

emonstrates the simulated input noise vo
omponents, as a function of the source re is

 clear that for very low values of sR , the equivalent noise 
input voltage is principally due to the nv  noise. As resistance 
is increased, the noise is principally d  to the flow of the ni  

noise through sR . For large sR , the n se voltage is directly 
proportional to sR .  

 
Fig. 5. Noise voltage components over different source resistances 

 

r nois coefficient on the input noise 
v  
fo

 

e The effect of the flicke
oltage is plotted in Fig. 6. The noise voltages relation
r 16

F 10x4.5K −= and 0K F =  is 1.415 for Ω1Rs = , 
10.545 for Ωk10Rs = , and 12.644 for Ωk100Rs = .  

 
Fig. 6. Nois age as a fun n of source resistance and   

An approa r BJT no odelling and analysis at low 
frequencies is o n results support an 
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IV. CONCLUSION 

ped. Matlab simulatio
ailability of the approach proposed. The results allow a 

wide range of designers to analyze and to predict the effect of 
the BJT parameters, source resistance and frequency on the 
equivalent noise, as well, on the designing systems noise 
behavior.   
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