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Noise factor measurement 
with smart noise sources
New noise sources for the R&S®FSW and R&S®FSV3000/R&S®FSVA3000 signal and spectrum analyzers 

improve measurement accuracy and simplify operation.

The maximum data transmission rate of a communica-
tions system and the sensitivity of a radar system are largely 
dependent on the signal-to-noise ratio (SNR) of the signal. 
The SNR mainly depends on the noise factors of the compo-
nents in the signal path, particularly with low input  levels. The 
noise factor is the ratio of the input SNR to the output SNR of 
a linear two-port device, such as an amplifier. The noise fac-
tor is frequency dependent and is typically given as a decimal 
logarithmic value in decibels (dB), in which case it is called 
the noise figure. Knowledge of the exact noise figure is essen-
tial for the development, optimization and production of virtu-
ally all RF systems.

In the past, noise factors were determined using a dedicated 
noise tester, but now noise figures and gain are often mea-
sured with a spectrum analyzer. This is done using the Y-fac-
tor method, which yields accurate results even with small 
noise figures. For this measurement, a noise source with a 
known excess noise ratio (ENR) is used in addition to the 
spectrum analyzer. The ENR indicates the increase in the 
spectral intensity of the noise (the power spectral density, or 
PSD) when the noise source is switched on.
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Fig. 2: The R&S®FSV3-K30 measurement application for noise factor and gain. The noise figure and its measurement uncertainty are displayed graphi-

cally at the top left.

The following formula is a good approximation:

ENR in dB = PSD in dBm/Hz + 174 dBm/Hz  
 
–174 dBm/Hz is the noise floor at room temperature. The 
measurement is made by comparing the noise power at the 
spectrum analyzer input with and without the noise source 
switched on. Before measuring, a one-time calibration is 
required, in which the noise power of the noise source with-
out the DUT is measured at the spectrum analyzer input.

The new R&S®FS-SNS smart noise sources from 
Rohde & Schwarz enable precise noise figure and gain 
measurements (Fig. 1). The measurement applications 
– R&S®FSW-K30 for the R&S®FSW signal and spectrum 
analyzer and R&S®FSV3-K30 for the R&S®FSV3000 and 

R&S®FSVA3000 signal and spectrum analyzers – have been 
upgraded for this purpose. Both applications control the noise 
source power supply and automatically read the ENR tables 
and the VSWR of the noise source. The ambient temperature 
is also constantly measured and taken into account when cal-
culating the noise figure. In addition, the applications continu-
ously calculate the measurement uncertainty and process it to 
be displayed in a table or graph along with the measurement 
result (Fig. 2).

The R&S®FS-SNS smart noise sources are connected to the 
spectrum analyzer by a cable with a 7-pin connector that 
transfers the data and provides a 28 V supply voltage for the 
noise sources. The noise sources are available now in three 
models with maximum frequencies of 26.5 GHz, 40 GHz and 
55 GHz.
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