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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

 subcircuita  isreceiver  radio  theofblock  functional Each
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Goal: Computing Signal/Noise Ratio and Sensitivity 

blockcircuit  each  withingenerators noise of # largea  are There
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Goal: Computing Signal/Noise Ratio and Sensitivity 
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circuit noise calculations 
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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) 
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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 

output. andinput  betweennetwork   theof ticscharactersoutput -inputport -2

 thechangenot  do  whichations transform toourselvesrestrict must  We

 input.circuit   the togenerators noisecircuit   theall move useLet 

box red insideonly  ations transformmake means, This

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: 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 
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En-In Model: Source Transposition Again 

G
R

g

C
gs

V
in

I
NRL

/g
m

I
NRL

*j2fC
gs

/g
m

R
g

I
NRL

/g
m I

NRL
*j2fC

gs
/g

m

R
g

I
NRL

/g
m I

NRL
*j2fC

gs
/g

m

I
NRL

*R
g 
j2fC

gs
/g

m

V
in

V
in

I
NRL

*j2fC
gs

/g
m

I
NRL

*(1/g
m
)(1+

 
j2fC

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



class notes, M. Rodwell, copyrighted 2012 

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 

 

  

  

 

  

 .expression figure noise  FET Fukuithe

calculate can  wei.e.  this,provides  whichimpedance source optimum  theand

figure noise minimun device  thefind can  we,(calculus)  by varying Then

221
1

4
4

)(
~

/24
4

)(
~

421
1

4
4

)(
~

ipsrelationsh device  theand

~
Re2

~
||||

~
                 

~
Re2

~
||||

~
 

~
 

 iprelationshcircuit   theuse  weIf

*

2

2

2

2

*2

,,

,,

,,

,,

g

gsggs

m

m

L

IE

mgsm

L

II

gggs

m

m

L

EE

gengenIEIgE

gIEIgEE

Z

fCjRfCj
g

gkT
R

kT
jfS

gfCgkT
R

kT
jfS

kTRRfC
g

gkT
R

kT
jfS

jXRSSZS

ZSSZSS

totalntotaln

totalntotaln

totalntotaln

nnnn

nnnnamplifiertotaln



























































class notes, M. Rodwell, copyrighted 2012 

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 

.generators noise  and   replacelater must   we:Recall si RR
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Example Problem (1d): FET with Source Degeneration 

.generators noise  and   replacelater must   we:Recall si RR
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Example Problem (1f): FET with Source Degeneration 

mI

sE

iE

gkTS

kTRS

kTRS

nd

ns

ni







4
~

4
~

 

4
~

 

: thatRecall

answer finalour  is This



class notes, M. Rodwell, copyrighted 2012 

Example Problem (1g): FET with Source Degeneration 
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