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Noise  in electrical circuits: topics 

Math: distributions, random variables, expectations, pairs of RV, 

joint distributions, mean, variance, covariance and correlations. 

Random processes, description, stationarity, ergodicity, 

correlation functions, autocorrelation function, power spectral 

density.  

 

Noise models of devices: thermal and "shot" noise. Models of 

resistors, diodes, transitors, antennas.  

 

Circuit noise analysis: network representation. Solution. Total 

output noise. Total input noise. 2 generator model. En/In model. 

Noise figure, noise temperature. Signal /  noise ratio. 
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Noise  in electrical circuits: Strategy 
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Goal: Computing Signal/Noise Ratio and Sensitivity 
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Circuit noise analysis: Goals 
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Noise model of this circuit 
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Circuit Noise Analysis: 1st Example (a) 
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Circuit Noise Analysis: 1st Example (b) 
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Reminder 
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Circuit Noise Analysis: 1st Example (c) 
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Circuit Noise Analysis: 1st Example (d) 
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Circuit Noise Analysis: 1st Example (e) 
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Circuit Noise Analysis: 1st Example (f) 

    

    

 4)(
~

*generator  thefrom* noiseInput 

                  

noiseresistor  load referred-input                                                     

21
14

                  

noise channel referredinput                                                       

21
1

4                  

 from noise referred-input  4)(
~

,

,

22

2

2

22

2

2

genV

genggs

mL

genggs

m

m

ggV

kTRjfS

RRfC
gR

kT

RRfC
g

gkT

RkTRjfS

ingen

inamp





































G D

E
N,Rg

I
Nd

S

V
gen

R
gen g

m
V

gs
R

g
E

N,Rgen
R

L
I

NRLC
gs

V
gs

V
out

V
in



ECE145C /218C notes, M. Rodwell, copyrighted 2007 

Circuit Noise Analysis: 1st Example (g) 
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Circuit Noise Analysis: 1st Example: Summary 
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Circuit Noise Analysis: 1st Example: Summary 
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Circuit Noise Analysis: Source Transposition Method 
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Circuit Noise Analysis: Source Transposition Method 
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Circuit Noise Analysis: Source Transposition Method 
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Circuit Noise Analysis: Source Transposition Method 
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Circuit Noise Analysis: Source Transposition Method 

   

 
   

 

21
4)(

~

so,  of that  withparallel in isgenerator current  noise channel The

make.  toncalculatiohardest  single  theit was

input,  thefromfar   is  becausebut  n,calculatioeasy  annot certainly   wasThis

214
)(

~

2

22

2_;

2

22

2;













 














 











m

genggs

m

mnoisechannelV

L

L

m

genggs

mL

noiseRV

g

RRfC

g
gkTjfS

R

R

g

RRfC

gR

kT
jfS

input

Linput







ECE145C /218C notes, M. Rodwell, copyrighted 2007 

Circuit Noise Analysis: Source Transposition Method 
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Input Noise Voltage / Input Noise Current Model 
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En-In Model: Source Transposition Again 
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En-In Model: Source Transposition Again 

G
R

g

C
gs

V
in

I
NRL

/g
m

I
NRL

*j2fC
gs

/g
m

R
g

I
NRL

/g
m I

NRL
*j2fC

gs
/g

m

R
g

I
NRL

/g
m I

NRL
*j2fC

gs
/g

m

I
NRL

*R
g 
j2fC

gs
/g

m

V
in

V
in

I
NRL

*j2fC
gs

/g
m

I
NRL

*(1/g
m
)(1+

 
j2fC

gs
R

g
)V

in

.correlated 100% are they ,  to

1:1 related both are they As

source.current a  and source voltage

a   of ncombinatioa by  Vat 

drepresente is noiseoutput  The

in

NRLI



ECE145C /218C notes, M. Rodwell, copyrighted 2007 

En-In Model: With All Sources 
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Using the En-In Model 
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Using the En-In Model--Conclusion 
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