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Probability Distribution Function: 1 Random Variable 
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Mean value, Variance, Standard Deviation 
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The Gaussian Distribution
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Pair of Random Variables
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Correlation and Covariance
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Random Processes
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Autocorrelation Function of A Random Process
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Power Spectral  Density of a Random Process
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Single-Sided Hz-based Spectral Densities
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Single-Sided Hz-based Spectral Densities- Why ?
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Thermal Noise: Resistances
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Available Thermal Noise Power
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Noise from an Antenna
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Shot noise: PN junctions
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Device Noise Models: Descriptive, No Explanation
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Two-Port Noise Description
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Calculating Total Noise
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Signal / Noise Ratio of Generator

EEV genntotalnsignal

load.  theupon dependnot   willby these delivered powers of ratios The
impedance. load same  thesee and series in are  and , ,, 

powers. noise aviable heconsider t Therefore

RVP genRMSsignalavailablesignal = 4/ isgenerator thefromavailablepower  signal The 2
,,

E
ffff

genN

signalsignal Δ+Δ−

is  frompower  noise available  thethen
 ),2/(and)2/(betweenbandwidthnarrow a consider   weIf

,

RfjfSEEP gengenngeneratoravailablenoise Δ⋅== 4/)(~][ 2
,,,

RVRVP genRMSsignalgenRMSsignalavailablesignal ===
4/

~
4/

SNR

 thenisgenerator   theof ratio sesignal/noi The
2

,
2

,,

fkTRfjfSP genEgeneratoravailablenoise genn
Δ⋅

=
Δ⋅

==
4/)(~SNR

,, ,



class notes, M. Rodwell, copyrighted 2009

Signal / Noise Ratio of Generator+Amplifier
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Noise Figure:  Signal / Noise Ratio Degradation
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Calculating Noise Figure
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Minimum Noise Figure
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Noise Figure in Wave Notation
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Low-Noise Amplifier Design

Design steps are 
1) in-band stabilization: this is best done  at output port to avoid degrading noise
2) input tuning for Fmin
3) output tuning (match)3) output tuning (match)
4) out-of-band stabilization

Note that tuning for minimum  noise figure requires a *mismatch* on the amplifier input;
amplifier gain therefore must lie below the transistor MAG/MSG.

Note that tuning for minimum  noise figure implies  that  amplifier
input is mismatched: input reflection coefficient is therefore not zero !input is mismatched:  input reflection coefficient is therefore not zero !

Discrepancy in input noise-match & gain-match

Z =Z
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can be reduced by adding source inductance 

Zs=Zo
noise
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Example LNA Design: 60 GHz, 130 nm SiGe BJT

gain & noise circles after input matchinggain & noise circles after input matching
note compromise between gain & noise tuning
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Noise Figure of Cascaded Stages
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