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In low frequency analog circuits, infinite or zero impedance is
allowed, power levels are meaningless, so voltages and
currents are usually chosen to describe the signal levels.

Power is used to describe signals, noise, or distortion with the
typical unit of measure being decibels above 1 milliwatt (dBm).

rmsvExample: 

Unless otherwise stated, R=50Ω.
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(α3 is negative) 
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Fundamental Components:

Inter-Modulation Components:
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3rd order IM products
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Aω1,ω2 : The amplitude of the output components at ω1 and ω2
AIM3 : The amplitude of the IM3 products
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Considering only the 1st and 3rd order terms: 

As a worst case estimate, we add the absolute values of the 3 terms
in the denominator :

• As α1 increases, the overall IP3 decreases          :-(

• Higher 1st stage Gain          Higher input for 2nd stage          Greater IM3
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Non-linearity of the latter stages becomes increasingly more critical !
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Noise

Thermal Noise

Noise Spectral Density:

)/( 2 HzV

Mean square noise voltage:

Mean square noise current:
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The bandwidth of interest:
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Available Noise Power
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Output Power Spectral Density:

)/( HzWatts

Total Output Power:

Available Power from Antenna
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The noise from an antenna can be modeled as a resistor:

The minimum detectable signal (e.g. B=200 kHz):

Usually expressed in dBm
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Receiver Sensitivity

H. Aboushady University of Paris VI

If the signal has a power S:

- If the electronics added no noise,
- If the detector required a SNR of 0dB,

Then a signal as low as -121 dBm could be detected.

“Receiver Sensitivity is the minimum detectable signal”

BER Determined by the
communication standard
(GSM, Bluetooth, WiFi, …)

s
s 8.5 dB

Noise Figure
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Noise from the electronics is described by noise factor F, which is
a measure of how much the SNR is degraded through the system:

Power, SignalInput  :iS Power, SignalOutput  :0S Gain.Power :0

iS
SG =

 where

Noise Factor:

Noise Figure:



15

Noise Figure of components in Series
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 Noise Factor:

Noise Figure of components in Series
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 Noise Factor:
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Friis Equation
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 Noise Factor:
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 Gain in stage n reduces the effective noise figure of stage n+1

 The 1st stage of RF receivers: LNA (Low Noise Amplifier)

Equivalent Noise Model
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