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Noise in Resistors 
 
 
Thermal noise (+ maybe flicker noise) 
 

~ 
R

fkTR∆4

. 

. 

R f
R
kT

∆⋅
4

.

or

.

 
 
 
Noise in Diode 
 
 
Shot noise (+ thermal noise from contact resistance + maybe flicker noise) 
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Noise in MOS transistor 
 
 
Thermal noise (in channel) + flicker noise in gate region 
 
Model for saturation region: 
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(Experimentally they have found that flicker noise in MOS is not a function of drain 

current) 
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Noise in Bipolar ternsistors 
 

 
Thermal noise in base (contact  and intrinsic base) bbr
 
+ shot noise in base 
 
+ shot noise in collector + flicker noise in base 
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Circuit 

 

ny noise 2-port network can be represented by a noiseless network and two input 

 

A

voltage and current noise sources.  (there might be some correlation between them) 

 

Why do we need both 2
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ii  shorts out but 2
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ne more thing
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Example 

alculate

 

C  2
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iv  short-circuit input ( 0=SR ) and measure output noise in both circuits. 
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ii  open-circuit input ( ∞=SR ) and measure output noise in both circuits. 
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Effect of 2
Bi  alone: 
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0=SR  Noiseless network with
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To find 2
ii  assum : 
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Therefore the noise equivalent circuit of a bipolar transistor, ignoring the effect of  is: 
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Noise equivalent circuit of MOS transistor with noise sources at the input: 
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To find 2
iv  assum
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∞=SR  Noiseless network with 
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Noise Figure and Noise Temperature 

oise Figure

 
 
N         shows how noisy a device/amplifier is. 
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ou can also show noise figure in terms of S/N ratio. 
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Noise power in : 
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Noise Figure is at its minimum when , therefore: 
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For bipolar transistors: again ignoring flicker noise for frequencies above noise corner 
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Noise figure of cascaded stages: 
 

  noise figure 
 

  power gain = (voltage gain x current gain) 
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Minimum Detectable Signal (MDS) 
 
Also known as the noise floor of the system 
 
Important observation:  an input signal is detectable only if its output is above noise 
level. 

o calculate MDS, you assume your amplifier has an ideal box shape transfer function: 
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Power gain of 
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1f 2f

bandwidthf =∆G

Signal power 
at the output 

inout SGS .* =

Signal power 
at the input 

inout NGFN ..* =
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Noise figure, since amplifier adds noise 
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