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Goal: Computing Signal/Noise Ratio and Sensitivity 
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Goal: Computing Signal/Noise Ratio and Sensitivity 

models noise having all devices, passive and  active containscircuit -sub Each
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Goal: Computing Signal/Noise Ratio and Sensitivity 

blockcircuit  each  withingenerators noise of # largea  are There



class notes, M. Rodwell, copyrighted 2012 

Goal: Computing Signal/Noise Ratio and Sensitivity 

ns.fluctuatio internal from arising noise  terminaldevice found Earlier we

:noise referred-inputreceiver   total thefind  will we thisFrom

:circuit-sub each of noiseinput  equivalent  thecompute  tolearn Next we

found.  be  thencany sensitivit  and SNRReceiver 



class notes, M. Rodwell, copyrighted 2012 

circuit noise calculations 
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Circuit noise analysis: Goals 

 

? noise referred-output  thecalculate  wedoHow 

/  where, 

:sinput term fictitiousby  drepresente be can  termsnoise These

load  theand amplifier,  thegenerator,  thefrom arises Noise

noise. and signal both hasoutput circuit  The

output noise,input noise,input noise,output noise,

load noise,amplifier noise,generator noise,output noise,

output noise,

vinvinvout

invout

AVVVVAVVAV

VVVV

VVAV









class notes, M. Rodwell, copyrighted 2012 

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) 

    

 
   

 

 
   

 
21

4)(
~

*generator  the todue* noiseoutput  The

4
4

21
4)(

~

*amplifier  the todue* noiseoutput  The

)2(            

21

signaloutput  The

22

2

2

22

2

1

signalout,

,

,

genggs

Lm
genV

L

L

m

genggs

Lm
gV

genv

Lmgenggsgen

RRfC

Rg
kTRjfS

R
R

kT
gkT

RRfC

Rg
kTRjfS

VfjA

RgRRfCjVV

outgen

outamp






























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



class notes, M. Rodwell, copyrighted 2012 

Circuit Noise Analysis: 1st Example (e) 
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Circuit Noise Analysis: 1st Example (f) 
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Circuit Noise Analysis: 1st Example (g) 

density spectralpower  ssignal'input   theis )(
~

 Where

)(
~

)(
~

SNR

:ratio seSignal/Noi

4)(
~

can write  which weFrom

)(
~

)(
~

)(
~

:definition Figure Noise

_,

_,

,

,,

jfS

jfS

jfS

FkTRjfS

jfS

jfSjfS
F

signal

noisetotalin

signal

noisetotalin

ingen

inampingen

V

V

V

genV

V

VV








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



class notes, M. Rodwell, copyrighted 2012 

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 
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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 

only. noiseresistor  load of onillustrati       

generator  theintonot -but -input  tosources walk"" again, Once

G D

S

g
m
V

gs
R

g
R

L
I

NRLC
gs

V
gs

V
out

V
in

G

S

g
m
V

gs
R

g

I
NRL

/g
m

C
gs

V
gs

V
in

G
R

g

I
NRL

/g
m

C
gs

V
in



class notes, M. Rodwell, copyrighted 2012 

En-In Model: Source Transposition Again 
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En-In Model: With All Sources 
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En-In Model: With All Sources 
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Using the En-In Model to Compute  total Noise 
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Using the En-In Model--Conclusion 
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Supplementary slides follow 
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Example Problem (1a): FET with Source Degeneration 
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Example Problem (1b): FET with Source Degeneration 
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Example Problem (1c): FET with Source Degeneration 
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Example Problem (1d): FET with Source Degeneration 
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Example Problem (1f): FET with Source Degeneration 
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Example Problem (1g): FET with Source Degeneration 
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