
 

This document is not 
intended to be THE noise 
measurement bible but may 
bring some useful tricks in 
order to not fall in common 
traps when measuring noise. 
It will also clarify when needed 
how a spectrum analyzer 
works and how to set it. 

 
It can be considered as a 

guideline for people who are 
not familiar with noise and its 
measurement methods as well 
as the spectrum analyzers 
use. 

 
 The end of this document 

will also remind some 
considerations on the units 
commonly used in signal 
versus frequency 
measurement. 
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Noise definition 
 

Noise occurs due to the random motion 

of electrons in electrical conductors.  This 

happens in any conductor and there can be 

several kind of noise (thermal, flicker, shot, 

avalanche noises, ….). 

Electronics noises are usually measured 

in watts and as the random noise is 

characterized by statistics properties like 

variance, distribution and spectral density,  the 

spectral distribution of noise which can vary 

by frequency is usually measured in watts per 

Hertz W/Hz or V²/Hz when a normalized 

resistance is used.. 

Since the real power in a resistive 

element is proportional to the square of the 

voltage across the element, noise voltage 

(density) can be described by taking the square 

root of the noise power density, resulting in 

volts per root hertz V²/sqrt(Hz) 

 

Noise measurement with an oscillosope 

 

Before measuring the noise with an 

oscilloscope, it is important to know the 

intrinsic noise floor of the oscilloscope itself. 

There are two methods to know this 

parameter : to short the BNC input with a 

capacitor between signal and GND or to short 

a X1 probe with the GND lead. 

For the second method, it’s important to 

use a X1 probe as using a X10 probe would 

increase the noise floor per 10.  

Note that the GND lead may behave like 

a loop antenna and pick up RFI/EMI 

interferences, this is why the capacitor method 

is preferred. 

 
An oscilloscope displays the integration 

of the noise within its bandwidth. For instance 

a 500 Mhz oscilloscope will display the total 

noise level from few Hz to 500 MHz so the 

resulting envelope amplitude will be the 

integration of the noise within this bandwidth. 

Digital oscilloscopes usually have a 

bandwidth limitation feature allowing to 

reduce the input bandwidth (for instance 20 

MHz). This might be useful to enable this 

feature when the considered noise to 

measure is below this limitation. This will 

then remove all the noise from the 

bandwidth limitation and up to the 

oscilloscope bandwidth. Thus the 

will decrease.

The coupling is usually set as AC but 

note that AC coupling has a low cutoff 

frequency which will not allow to measure 

noise frequencies from DC to about 10Hz 

(depending on the oscilloscope model). I

case measuring this low frequencies is 

needed, the coupling shall be DC and the 

measurement shall be done using an external 

bandpass filter to remove the DC. 

The connection to the device to be 

tested must be done either with a probe for 

which the GND i

probe chassis (not using the GND lead) or 

using a direct coaxial connection. 

It’s absolutely not possible to measure 

the noise using unshielded electric wires 

between the device under test and the 

oscilloscope as they act themsel

antennas for any ambient electric noise.
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oscilloscope method is that it requires 
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provide information on the nature of the 
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This is the reasons why it’s preferred to 

use a spectrum analyzer.

 

oise measurement  
electronics 

logy 

Figure 

 

onics – Applied methodology        1

MHz). This might be useful to enable this 

feature when the considered noise to 

measure is below this limitation. This will 

then remove all the noise from the 

bandwidth limitation and up to the 

loscope bandwidth. Thus the noise level 

will decrease. 

The coupling is usually set as AC but 

note that AC coupling has a low cutoff 

frequency which will not allow to measure 

noise frequencies from DC to about 10Hz 

(depending on the oscilloscope model). In 

case measuring this low frequencies is 

needed, the coupling shall be DC and the 

measurement shall be done using an external 

bandpass filter to remove the DC.  

The connection to the device to be 

tested must be done either with a probe for 

which the GND is applied directly on the 

probe chassis (not using the GND lead) or 

using a direct coaxial connection.  

It’s absolutely not possible to measure 

the noise using unshielded electric wires 

between the device under test and the 

oscilloscope as they act themselves as 

antennas for any ambient electric noise. 

The main problem with the 

oscilloscope method is that it requires many 

cautions for the measurement and does not 

provide information on the nature of the 

This is the reasons why it’s preferred to 

a spectrum analyzer. 

 
Figure 1 : Shorting the probe 
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Noise measurement with a spectrum 

analyzer 
 

A spectrum analyzer is an instrument 

which usually displays power versus 

frequency. This is the Power Spectral 

Density (PSD). It is also possible to display 

directly voltage versus frequency. 

The spectrum analyzer principle is a 

bandpass filter which is swept between a 

start and a stop frequency as shown in 

Figure 5. 

So, the two main parameters to set are 

the SPAN (or sweep) and the resolution 

bandwidth (RBW). The SPAN is the 

frequency band between the start and the 

stop frequency on the display and the RBW 

is the bandpass filter bandwidth 

The ideal measurement would be using 

a very small RBW and a large SPAN but it 

would require to integrate over a very large 

time and it is usually not possible with 

classic equipment. Due to this, the RBW and 

SPAN are usually linked together and the 

RBW will increase as the SPAN increases. 

A Spectrum analyzer is a kind of AC 

voltmeter behind a bandpass filter. This 

means that the level measured is the 

integration of everything within the 

bandpass filter. So the higher will be the 

RBW, the higher will be the noise floor 

when displaying voltages versus frequency. 

This statement is very important as 

most of the errors when measuring noise are 

coming from this. 

This is where the controversy may come as a 

noise level should be defined according to a 

given bandwidth. 

The resolution bandwidth must be set 

carefully. It is easy to fall down in traps and 

display things which do not exist. As said 

previously, the spectrum analyzer will 

integrate everything within the bandpass 

filter bandwidth (RBW).  

 

Any spectrum analyzer produces a high 

level spur at the DC frequency marking thus 

the local oscillator. The RBW and SPAN 

must be set in order to avoid the DC spur to 

be integrated by the bandpass filter. 

Otherwise the given result will be 

completely false. 

This means that if the bandwidth is set 

at 100KHz, the start frequency should be at 

least above 100 KHz ! 

 

Figure 2 and Figure 3 shows the effect 

of the RBW from 10 to 30 KHz. The local 

oscillator spur is integrated within the 

bandpass filter bandwidth. In Figure 2 the 

level is then increased in the range from 1 to 

10 KHz and in Figure 3, this is in the range 

from 1 to 30 KHz. 

 
Figure 2 : rbw = 10 KHz  

 
Figure 3 : rbw = 30 KHz 

 

So in order to perform a correct 

measurement, the start frequency must be set 

at the value of the RBW. In the Figure 4 

below, start frequency and RBW are set at 10 

KHz.  

 
Figure 4 : rbw = 10 KHz, Start = 10 KHz 

 

With this spectrum analyzer, RBW of 10 

KHz is the minimum possible for a SPAN 

from 10 KHz to 1 MHz. This means that in 

order to measure lower frequencies below 10 

KHz, the SPAN must be reduced. For instance, 

the stop frequency could be reduced to 10 KHz 

and it will be possible then to measure from 

100 Hz, and so on… 

 

Sometimes it might be useful to display 

the X-axis in linear instead of semi-log. The 

two figures below show the same 

configuration (start 1 Hz, stop 10 MHz, 

RBW 100KHz) 

 
Figure 6 : Semi-log X-axis display  

 
Figure 7 : linear X-axis display 

         

In the linear X-axis view, the effect of 

the RBW is minimized as 100 KHz represent 

only 1/10 div whereas in the semi-log X-axis 

view, 100 KHz represent most of the 

display. 

 

Input impedance 
 

Most of the modern analyzers allow to 

set the input impedance either at 50Ω, 75Ω 

or 1MΩ. It is absolutely essential to respect 

the impedances all along the measurement 

chain. In the radio field, the normalized 

impedance is 50Ω. If the device to be tested 

is 50Ω terminated, then all the elements 

must be 50Ω terminated (coaxial cables, 

attenuators, generators, …). 75Ω is usually 

used in television field whereas 1MΩ could 

be used to monitor a low impedance output 

like an amplifier, a sensor, … 

Keep in mind that an impedance 

breaking will introduce losses. The waves 

transmission is very sensitive to impedance 

matching as will introduce a reflection of the 

signal, thus losses. 

 

 

Effects of mismatch : 

• Full generator power does not reach the 

load  

• Reflections increases power loss  

• Noise issues 

Transmission line Z0

ZL
ZS

incident

reflected

Swept from the start 
to stop frequency 

Bandpass filter 

Start frequency Stop frequency 

Figure 5 : Spectrum analyzer principle 
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• Ghost signal can be created 

• Destruction of power amplifiers 

 

The SWR, Standing Waves Ratio (or 

ROS in French) defines the ratio between the 

incident and reflected voltages or power 
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For instance, for a spectrum analyzer 

with a 50Ω input and a 75Ω load, the SWR 

would be 1.5. 

The attenuation is given by : 
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In the previous example with SWR = 

1.5, the losses (attenuation) are 4% or 

0.18dB. 

 

Another common trap is trying to 

monitor a low impedance device by setting 

the analyzer input impedance to 1MΩ. Then, 

do not use 50Ω attenuators or devices !!! 

The low impedance device may not 

appreciate !  

 

Power Spectral Density 

 

The Power Spectral Density (PSD) is 

the frequency representation commonly used 

for noise measurement even if Voltage 

Spectral Density (VSD) is also sometimes 

used. 

The main reason why PSD is used is 

that it is possible to add some noises from 

different devices by adding their power 

spectral density whereas it is not possible to 

add rms voltages in order to add noise 

sources. 

The Power Spectral Density is given in 

��
��� whereas the Voltage Spectral Density 

is given in �
√��
� . 

RBW

V

RBW

P
PSD

2

==    in �
�

���  

 

RBW

V
PSDVSD ==   in �

√��
� . 

 

It might be convenient sometimes to 

convert PSD or VSD to rms voltage. 

Theoretical formula would be : 

RBWVSDVrms .=   in Vrms 

 

Due to the spectrum analyzer RBW 

filter type, a coefficient must be added, 

depending on the analyzer type. The formula 

becomes : 

RBWKnVSDVrms ..= in Vrms 

 

Filter type Application Kn 

4-pole 

sync 

Most analog spectrum 

analyzers 

1.128 

5-pole 

sync 

Some analog spectrum 

analyzers 

1.111 

Typical 

FFT 

FFT based spectrum 

analyzers 

1.056 

 

Decibel unit 

 

Definition : The decibel (dB) is a 

logarithmic unit of measurement that 

expresses the magnitude of a physical quantity 

(usually power or intensity) relative to a 

specified or implied reference level. Since it 

expresses a ratio of two quantities with the 

same unit, it is a dimensionless unit. 

For power, the gain or attenuation is 

given by : 









=

Pe

Ps
G log10 in dB.   

Ps and Pe are respectively the output and 

input powers of a system. 

 

For voltages : 









=

Ve

Vs
G log20  in dB 

In some engineering fields, it is 

convenient to used normalized dB. For 

instance in radio, the normalized decibel is 

dBm and is assumed for a power input of 

1mW on a 50Ω impedance. In acoustic, this is 

the dBu (1mW on 600 ohms resistor). 

 

Example 

Figure 8 : VSD in Vrms/rtHz, RBW = 23.86 

KHz                

 
Figure 9 : Spectral analysis in Vrms, RBW = 

23.86 KHz 

In the above example, the same signal 

is observed once in VSD (Vrms/rtHz) and 

then in spectral Analysis (Vrms). 

The peak level at 765 KHz shown by 

the marker is given in VSD at 

3.5936uVrms/rtHz and in spectral analysis at 

558.4 uVrms. 

The relation between both is given by : 

RBWVSDVrms .=          

VrmsVrms µ55510.86,23.10.5936,3 36 == −  

The Kn coefficient is not needed here 

as already compensated by the analyzer. 

Note that the Y-axis is logarithmic and 

given in dB. The reference level on top of 

the screen of the VSD figure is –

60dBVrms/rtHz and one division is 10dB. 

We can see the peak at about –110dB.  

This can be computed from : 

( ) dBG 89.10810.5936,3log20 6 −== −
 

 

 

The decibel is very convenient for 

displaying on the same graph signals which 

have a very large dynamic. But don forget 

that 3dB of attenuation of a voltage 

correspond to the voltage divided by 2 and 

20dB, divided by 100. 

So a peak in a signal which is 20dB below 

the main signal is almost negligible… 

 

Same statement could be given when 

speaking about total noise level. If a narrow 

noise peak of few KHz (for instance a digital 

clock)  appears on a wide spectrum with a 

RBW of 1 Mhz with a level more or less 

equal to the noise level in the bandwidth, 

then the influence of the noise peak on the 

total noise level will be negligible. 

 

 

 

 

Conclusion 

 

The noise measurement is not so 

difficult to achieve when speaking about 

relative noise. But in order to get absolute 

noise level, this is an other story as it might 

be measured in excellent and reproducible 

conditions (EMC room thermally controlled, 

appropriates instruments and cables, and so 

on…) 
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