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Noise 

•  �Any unwanted input� - UNDESIRABLE portion of 
an electrical signal 

•  Limits systems ability to process weak signals 



Noise Power 

•  Most of input noise = Thermal Noise 

•  Noise power    Np = kBT B   

  

 kB = Boltzmann�s constant 1.38x10 -23 J/K 

 T = Absolute temperature of device 
 B = Circuit bandwidth 
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Noise Figure 

•  Noise Figure 

 

Figure 1-2. Typical signal and noise levels vs. frequency (a) at an amplifier’s 
input and (b) at its output. Note that the noise level rises more than the 
signal level due to added noise from amplifier circuits. This relative rise in 
noise level is expressed by the amplifier noise figure.
 

Note that if the input signal level were 5 dB lower (35 dB 
above the noise floor) it would also be 5 dB lower at the out-
put (25 dB above the noise floor), and the noise figure would 
still be 10 dB. Thus noise figure is independent of the input 
signal level.

A more subtle effect will now be described. The degradation in 
a network’s signal-to-noise ratio is dependent on the tem-
perature of the source that excites the network. This can be 
proven with a calculation of the noise figure F, where Si and Ni 
represent the signal and noise levels 

available at the input to the device under test (DUT), So and No 
represent the signal and noise levels available at the output, 
Na is the noise added by the DUT, and G is the gain of the 
DUT. Equation (1-2) shows the dependence on noise at the 
input Ni. The input noise level is usually thermal noise from the 
source and is referred to by kToB. Friis [8] suggested a refer-
ence source temperature of 290K (denoted by To ), which is 
equivalent to 16.8 °C and 62.3 °F. This temperature is close to 
the average temperature seen by receiving antennas directed 
across the atmosphere at the transmitting antenna.

The concept of noise figure

The most basic definition of noise figure came into popular use 
in the 1940’s when Harold Friis [8] defined the noise figure F of 
a network to be the ratio of the signal-to-noise power ratio at 
the input to the signal-to-noise power ratio at the output. 

Thus the noise figure of a network is the decrease or degrada-
tion in the signal-to-noise ratio as the signal goes through the 
network. A perfect amplifier would amplify the noise at its in-
put along with the signal, maintaining the same signal-to-noise 
ratio at its input and output (the source of input noise is often 
thermal noise associated with the earth’s surface temperature 
or with losses in the system). A realistic amplifier, however, 
also adds some extra noise from its own components and 
degrades the signal-to-noise ratio. A low noise figure means 
that very little noise is added by the network. The concept of 
noise figure only fits networks (with at least one input and one 
output port) that process signals. This note is mainly about 
two-port networks; although mixers are in general three-port 
devices, they are usually treated the same as a two-port device 
with the local oscillator connected to the third port. 

It might be worthwhile to mention what noise figure does not 
characterize. Noise figure is not a quality factor of networks 
with one port; it is not a quality factor of terminations or of 
oscillators. Oscillators have their own quality factors like 
“carrier-to-noise ratio” and “phase noise”. But receiver noise 
generated in the sidebands of the local oscillator driving the 
mixer, can get added by the mixer. Such added noise increases 
the noise figure of the receiver. 

Noise figure has nothing to do with modulation or demodula-
tion. It is independent of the modulation format and of the 
fidelity of modulators and demodulators. Noise figure is, 
therefore, a more general concept than noise-quieting used to 
indicate the sensitivity of FM receivers or BER used in digital 
communications. 

Noise figure should be thought of as separate from gain. Once 
noise is added to the signal, subsequent gain amplifies signal 
and noise together and does not change the signal-to-noise 
ratio.

Figure 1-2(a) shows an example situation at the input of an 
amplifier. The depicted signal is 40 dB above the noise floor: 
Figure 1-2(b) shows the situation at the amplifier output. 
The amplifier’s gain has boosted the signal by 20 dB. It also 
boosted the input noise level by 20 dB and then added its own 
noise. The output signal is now only 30 dB above the noise 
floor. Since the degradation in signal-to-noise ratio is 10 dB, 
the amplifier has a 10 dB noise figure. 
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•  Noise figure represents the 
degradation in signal/noise 
ratio as the signal passes 
through a device.  

•  F is always greater than 1.  
 

input 

output 



Noise Figure 

•  Noise Figure  

 
 
 
 
 

  

Modern usage of “noise figure” usually is reserved  
for the quantity NF, expressed in dB units: 

             
         NF = (Si/Ni)dB – (So/No)dB 

 

NF = 10 log10 F  [dB] 

 
(Si/Ni)dB = 40 dB 
(So/No)dB = = 30 dB 
 
Noise Figure = 10 dB 
  

Noise Factor 

Si /Ni 

So/No 



Noise Temperature 

•  Comes from the random motion of electrons 
    ! Thermal Noise  
•  Convenient! Common basis for measuring 

random electrical noise from any source 

•  Relation with Noise Figure 

     Te = To ( F – 1 ) 
 

 Te  :  The effective noise temperature of device 
 T0  :  a reference temperature 290K (room temperature) 



Summary 
•  Noise Power  

–  The magnitude of Noise     Np = kBT B  

•  Noise Figure 
–  Noise Factor  

–  Noise Figure : the degradation of SNR 

 
•  Noise Temperature 

–  Basic tool of measuring any kind of noise 
–  Relation with Noise Factor   Te = To ( F – 1 ) 

NF = 10 log10 F  [dB] 


