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€ NFis usually specified for matched input/output conditions, but this
is not always a system requirement

€ Noise Figure is a popular figure of merit in RF applications: LNAs,
Mixers, etc.

Difficulties arise when applying NF to op amps. NF is dependent on
e Impedance levels

e Feedback network

e Closed loop gain

Other difficulties arise due to different definitions of NF as found in
various textbooks

We will start with the basics and work up to the op amp issues

BE1: &5k HPIRE % (NF)
AWRFEINE

FMRERENARIR, BEAZSFRZTUNE PSRN RRE, £ T &
2, BRI BLER A 7 5, %0 7 TR A PR 5 9V (4KTBR), 4 Gk L B 2% TR, &
HBR AT DAA% S B BE AR O P G 3 de KGR

FERXEEZRM T, MRS PRI iR KA RO SRR ZKTB, H, KAYIRZESHE, ThH4axt
ML, BAMEFRYE, WHER, %3S T A FHRIIE,

Rev.0, 10/08, WK Page 1 of 6



www.analog.com/zh/mt-047
www.analog.com/zh/mt-048
www.analog.com/zh/mt-049
www.analog.com/zh/mt-050
www.analog.com/zh/mt-051

The available power, P, of a source is the

maximum power that can be drawn from the source.
This occurs when the load resistance is equal to the source resistance.
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k = 1.38 x 10723 Joules / K (Boltzman's Constant)
T = Temperature (assume 300K, room temperature)
B = Noise bandwidth (Hz)

Pa (dBm) = -174dBm + 10 log B
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Available signal power from source

Available signal power at output

Available power gain = G, = Pao

a
Pas
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G = Available Power Gain of Network

Total Available Output Noise Power

F = Noise Factor = - -
Available Output Noise Power Due to Source Only

Total Available Output Noise Power
G+ kTB

NF = Noise Figure = 10 log,q F
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@ With op amps, it is easier to work with voltage and current noise
spectral density, rather than power or power spectral density.

€ Unmatched conditions are more easily dealt with using voltage noise
spectral density analysis.

# Voltage noise spectral densities add using root-sum-squares (RSS).

® A 1000Q resistor has a voltage noise spectral density of 4nV/VHz @
25°C (300K). (This is good to remember!)

# The basic definition of Noise Factor and Noise Figure in terms of
voltage noise spectral density becomes:

Noise Factor = F = (Total Output Voltage Noise Spectral Density) 2

(Output Voltage Noise Spectral Density Due to Source Only) 2

Noise Figure = NF =10 log;g F
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Vet = Voltage noise density of network excluding source and load terminations
A = Open circuit voltage gain of network
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For a low noise network, adding the matching input
termination resistor makes the noise figure 3dB worse. The
voltage gain is also reduced by a factor of 2.

For a high noise network, adding the matching termination
resistor makes the noise figure 6dB worse.

Reactive matched terminations are often used at fixed IF/RF
frequencies in LNAs, mixers, etc.

Using large source and termination resistors decreases noise
figure but increases overall circuit noise.

Noise figures should only be compared at the same
impedance level.
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