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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, transistors, 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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Thermal Noise
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Available Thermal Noise Power
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Rough Argument for Thermal Noise  Expression

. bemust  bandwidth  thisinpower  available
 total thehence ,))2cos( &)2sin(( freedom of degrees

  twohas second, 1for   observed bandwidth,  Hz1 offilter  A

powercircuit  heat   :noise thermal
heatpowercircuit  :ndissipatio

resistor  via theobtained is mequilibriu Thermal

.2/energy  expected havemust  reservoir a  with
mequilibriu at thermal systema  in freedom of degree Each

fkT
πfπf

kT

oo

∆

→
→ EN

R L C



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

Noise from any impedance under thermal equilibrium
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Noise from an Antenna
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Noise on a capacitor
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Shot noise
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Shot Noise Example:  Heavily Attenuated Light
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Shot noise Example: Reverse Biased Schottky Diode
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Shot noise* in PN junctions
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Shot noise and PN junctions: another model
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Bipolar Transistor Model---without Noise
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Bipolar Transistor Model---with Noise
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Bipolar Noise Model
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FET Small-Signal Model
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FET Noise Model
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FET Noise model
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Alternate FET Noise model
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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, transistors, 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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