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INTRODUCTION

A Primer on the 
Fundamentals of Noise 
Figure Measurement
Where accuracy matters, noise has always been a challenge 
when designing, developing, and measuring your products. In the 
electronics world, modern receiving systems must often process 
very weak signals, but the noise added by the system components 
tends to obscure those weak signals. Sensitivity, bit error ratio (BER), 
and noise figure (NF) are system parameters that characterize the 
ability to process low-level signals. Of these parameters, noise 
figure enables designers and product developers to measure the 
degradation of the signal-to-noise ratio (SNR) in both individual 
components and the system as a whole. Noise figure is often the key parameter that differentiates one system, 

one amplifier, and one transistor from another. Such varied noise 
figure specifications imply that highly repeatable and accurate 
measurements between suppliers and customers are critical. You can 
easily estimate system sensitivity from the system’s bandwidth once 
the noise figure is known.

Learn all you need to know about the fundamentals of noise figure — 
how to take measurements, the tools and devices to characterize the 
results, and best practices for minimizing measurement uncertainties. 

“What gets measured, gets managed.”  
Peter Drucker, Found of Modern Management
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Noise Figure 
Fundamentals

CHAPTER 1
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The SNR at the receiving systems’ output is an important criterion in 
communication systems. Noise figure is the ratio of the signal-to-noise 
power at the input and the output. The noise figure of a network is the 
degradation in the SNR as the signal goes through the network. In a 
perfect world, your amplifier would amplify the noise at its input along 
with the signal, maintaining the same SNR at the input and output. 
However, as shown in Figure 1, a realistic amplifier adds some extra  
noise from its components and degrades the SNR.

Figure 1. Typical signal and noise levels versus frequency at the input (a) and output (b). 
The amplifier has a 10 dB noise figure.
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Noise Figure Fundamentals

Noise figure of cascade of devices

You can use noise figure for much more than just characterizing a 
single stage. If you know the noise figure and gain of each stage, 
you can calculate the noise figure of a cascade of devices. Figure 2 
displays the cascade formula for defining total noise contribution 
from a system’s components. 

Always put your best noise figure devices at the front of the 
chain and make sure your highest gain corresponds to your first 
stage. Whenever your chain has a great deal of gain upfront, 
the denominator of subsequent stages tends to eliminate the 
numerator’s noise factor. 

This outcome is why manufacturers try to design amplifiers with 
maximum gain and minimal noise figure. After you have defined 
the total noise factor contribution from your system’s components, 
you can easily attain your noise figure value with a logarithmic 
dB conversion.

Figure 2. The cascade formula, also known as the Friis formula
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Fact: The reason for measuring noise properties 
of networks is to minimize the problem of noise 
generated in receiving systems. One approach to 
overcome noise is to make the weak signal stronger. 

You can accomplish this by raising the signal power 
transmitted in the direction of the receiver or by 
increasing the amount of power the receiving 
antenna intercepts, for example, by increasing 
the aperture of the receiving antenna. Raising 
antenna gain using a larger antenna and increasing 
the transmitter power are limited by government 
regulations, engineering considerations, or economics.
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Noise Figure 
Sources
The noise characterized by noise 
measurements consists of spontaneous 
fluctuations caused by ordinary electrical 
equipment phenomena. The two main 
noise sources are thermal noise and  
shot noise.

CHAPTER 2
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CHAPTER 2

Noise Figure Sources
Thermal noise

Thermal noise arises from vibrations of conduction electrons 
and holes due to their finite temperature. The noise spectrum 
produced by thermal noise is nearly uniform over RF and 
microwave frequencies. 

The power delivered by a thermal source into an impedance 
matched load is kTB watts, where k is Boltzmann’s constant (1.38 
x 10-23 joules / K), T is the temperature in K, and B is the system’s 
noise bandwidth. The available power is independent of the source 
impedance, but it is directly proportional to the bandwidth. 

The degradation in a network’s SNR is dependent on the temperature 
of the source that excites the network. Figure 3 shows how to prove 
this with a calculation from the noise figure.

Ni is the input noise from the thermal source and is referred to by 
the kTB. The reference source temperature at 290 K is close to the 
average temperature seen by receiving antennas directed across the 
transmitting antenna’s atmosphere.  

Figure 3. Equation to calculate the noise figure 

Si and Ni are input signal and noise, So and No are output signal and 
noise, the added noise by the device under test (DUT) is Na, G is the gain 
of the DUT, and F is the noise factor. 

Shot noise

Thermal noise is usually constant for a system at a given temperature, but 
shot noise varies with average power. The quantum nature of photons 
arriving at the detector and related detection statistics produces 
shot noise. The noise produced is directly related to the amount of light 
incident on the photodetector. 

= 

F = 
Si / Ni

So / No

Si / Ni Na + GNi

GSi / (Na + GNi) GNi= = 
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Noise Figure 
Measurement 
Methods
Noise figure measurements are crucial in 
your product design and development. 
Highly accurate measurements allow for 
better alignment between simulations 
and experiments; they help uncover 
noise contributors not considered in the 
simulation. There are two main methods 
in use today to measure noise figure:

• Y-factor or hot / cold-source technique

• cold-source or direct-noise method

CHAPTER 3
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CHAPTER 3

Noise Figure Measurement 
Methods

Y-factor or hot / cold-source method

The Y-factor method uses a noise source placed at the DUT input 
providing two levels of input noise. It is easy to use and delivers 
measurement accuracy, especially when the noise source has a 
reliable source match and can be connected directly to the DUT. 

With a noise source connected to the DUT, the output power is 
measurable by corresponding the noise source ON (hot) and 
the noise source OFF (cold). The ratio of these two powers is 
the Y-factor. 

In the Y-factor method, you can take two power measurements and 
use their ratio to calculate the noise figure. These measurements 
are relative, and the measurement equipment’s absolute power 
accuracy is less concerning. The method has limitations when 
measuring extremely high or very low noise figure values.
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Direct-noise method

This method is useful for high noise figure devices. You can measure 
the device’s output power with an input termination at a temperature 
of approximately 290 K. You can determine the noise factor by 
using the known gain of the device and the noise bandwidth of the 
measurement system.

The noise bandwidth and the DUT gain must be known when using this 
process. Both the DUT gain and power detector must be sensitive 
enough to give you absolute accuracy.
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5 Tips to 
Minimize 
Measurement 
Uncertainties
The process of reducing your noise figure 
begins with a solid understanding of 
the uncertainties in your components, 
subsystems, and test setups. The 
following are five essential tips that will 
help you minimize the uncertainties in 
your noise figure measurements, whether 
you design for good, better, or best 
performance in your device.

CHAPTER 4
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CHAPTER 4

5 Tips to Minimize Measurement Uncertainties

TIP 1:  
Select the appropriate noise source 

When measuring noise figure, the quality of the noise source 
affects the accuracy and repeatability of your measurements. 
The defined output of a noise source is its frequency range and 
excess noise ratio (ENR). Nominal ENR values of 6 dB and 15 dB 
are commonly available. 

Use a 6 dB noise source when:

• measuring a device with gain that is especially sensitive to 
changes in the source impedance

• determining the DUT has an extremely low noise figure

• ensuring the device’s noise figure does not exceed 15 dB

 Use a 15 dB noise source when:

• using a general-purpose application to measure noise figure up 
to 30 dB

• calibrating the fullest dynamic range of an instrument before 
measuring high gain devices

TIP 2:  
Minimize mismatch uncertainties

Mismatch at connection planes will create multiple reflections of the 
noise signal in your measurement and calibration path. One method to 
reduce the mismatch uncertainty is to place an isolator in the RF path 
between the noise source and the DUT. This isolator can prevent multiple 
re-reflections from reaching the DUT and suppresses the build-up of 
error vectors. 

However, isolators operate over restricted frequency ranges. Several are 
necessary for the frequency range of interest. Isolators also add to path 
losses — compensation may be necessary.

Keysight’s X-Series signal analyzers and high-performance noise figure 
analyzers have a loss compensation feature to account for any isolators’ 
insertion losses. You can also insert a well-matched attenuator pad 
between the noise source and the DUT to attenuate multiple reflections. 
The advantage of an attenuator versus an isolator is the broadband 
response. The disadvantage is that the attenuator’s insertion loss 
reduces the noise source’s ENR values.
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TIP 3:  
Choose the optimal measurement bandwidth 

Select a measurement bandwidth no wider than the passband of the 
DUT. Modern noise figure analyzers provide a selection of various 
measurement bandwidths to enable measurements that are more 
relevant to current practical applications. 

Modern analyzers can measure down to at least 1 Hz bandwidth. 
Suppose the measurement bandwidth is like the DUT’s operational 
passband. In that case, any instabilities between the center frequency 
of the analyzer’s final IF and the DUT’s operational bandwidth will lead 
to an error in the displayed gain. The extent of this effect depends on 
the shape of the DUT’s passband overlapping with the analyzer’s final IF 
passband shape. This issue is less significant if the analyzer’s passband 
is narrower than the DUT’s passband. 

TIP 4:  
Account for path losses

If the connectors between the noise source, DUT, and measurement 
system do not mate, adapters are necessary. It is essential to avoid 
adapters where the signal is small in the measurement setup. For 
devices with gain, avoid adapters before the DUT. For devices with loss, 
avoid adapters after the DUT. 

It is essential to consider the insertion losses due to adapters and any 
additional components such as cables, baluns, filters, pads, and isolators 
by subtracting them from the measurement result. Using any adapters 
between the noise source and the DUT will introduce some loss and 
effectively reduces the ENR of the noise source. 

Modern noise figure solutions can subtract these losses from the 
measurement automatically. The analyzer will correct the displayed 
noise figure for all loss elements and their temperatures. Ensure the 
analyzer’s passband is narrower than the DUT’s passband to avoid 
this issue. 
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TIP 5:  
Account for the temperature of the  
measurement components

Y-factor noise figure analyzers assume that the surface temperatures 
of all components in the measurement are the default value of 
290 K. Noise figure solutions that offer full features enable you 
to enter the temperatures of any components added before and 
after your device. If you do not enter the actual local ambient 
temperature into the analyzer, you will get calculations based on the 
wrong temperature assumptions. Figure 4 shows typical differences 
between the displayed and actual noise figures for different 
ambient temperatures.

Figure 4. Typical differences between the displayed and actual noise figures for  
different ambient temperatures
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Noise Figure 
Measurement 
Solutions
Keysight’s noise figure solution set — 
instruments, software applications, and 
accessories — helps you optimize your 
test setups and identify unwanted sources 
of noise. Keysight has been providing 
noise figure test solutions for more than 
50 years, including all basic and modern 
solutions based on spectrum, network, 
and noise figure analyzers. With the wide 
range of instruments that Keysight offers 
for noise figure, it should be easy to find a 
solution that fits your requirements.

CHAPTER 5
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CHAPTER 5

Noise Figure Measurement Solutions

Noise figure analyzer 

The Keysight noise figure analyzer’s (NFA) exclusive design enables 
accurate noise figure measurements and uses the Y-factor method. 
Our dedicated noise figure analyzers are the only instruments on the 
market today (Figure 5). 

They analyze DUT anomalies using full-featured spectrum analysis 
and basic IQ analyzer modes on the standard analyzer. Ease of use 
features enables any engineer or technician to set up measurements 
quickly, view those measurements in different formats, and either 
print the results or save them. 

The multiple DUT setup and calibration feature allows you to calibrate 
and measure up to 12 different DUT setups. You can easily view all 
seven-noise figure-related parameters using the table view. 

You can also use the signal path configurator interactive tool to 
help you optimize your measurements for the lowest possible 
uncertainties. Repeatable and reliable measurements help you 
produce more robust designs and prototypes in the lab to achieve 
higher yields and throughput in manufacturing.

Noise figure analyzer (NFA) 
N8973B 
N8974B 
N8975B 
N8976B

Figure 5. Keysight’s noise figure analyzer
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Signal analyzer and noise figure 
measurement application software

Adding an optional noise figure measurement application to a 
versatile signal or spectrum analyzer is an economical way to add 
noise figure capabilities (Figure 6). This solution’s accuracy and 
frequency range is dependent on the installation to the identified 
base instrument. The noise figure application uses the Y-factor 
method for calculating noise figure. An X-Series signal analyzer can 
quickly determine the DUT noise using a noise source. 

Keysight’s PathWave X-Series measurement applications offer development 
engineers a simple tool to make accurate and repeatable measurements. 
The noise figure option utilizes the easy user interface and incredible 
speed of the Keysight X-Series signal analyzers. 

The built-in help and internal step-by-step diagrams enable you to make 
measurements instantly and save your results quickly. 

X-Series signal analyzers 
N9030B PXA 
N9020B MXA 
N9010B EXA 
N9000B CXA

Figure 6. X-Series signal analyzer
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Network analyzer-based noise figure 
solution

Choose Keysight’s PNA-X network analyzer (Figure 7) with the noise 
figure option If you need noise figure measurements with the 
highest accuracy. This solution uses the cold-source technique, and 
it allows S-parameter and noise figure measurements with a single 
connection to the DUT. When selecting an instrument to meet your 
needs, it is important to choose one that will cover the frequency 
range of your DUT. 

Configuring the PNA-X network analyzer and a Keysight ECal module as 
an impedance tuner removes any mismatch and noise parameter errors 
due to an imperfect system source match. This approach surpasses 
the accuracy provided by the Y-factor based noise figure analyzers or 
spectrum analyzer solutions and enables a complete single connection. 
It also offers a multiple measurement package for research and 
development and manufacturing engineers. You can now develop and 
test low noise transistors, amplifiers, and transmit / receive modules.

PNA-X microwave network analyzer 
N5241B 
N5242B 
N5244B 
N5245B 
N5247B 
N5249B

Figure 7. Keysight’s PNA-X network analyzer
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Portable noise figure solution 

The Keysight FieldFox handheld analyzer (Figure 8) offers noise figure 
measurement based on the industry-proven Y-factor technique to verify 
and characterize the noise figure of devices accurately. 

FieldFox handheld analyzers offer portable noise figure measurements 
for amplifiers, downconverters, upconverters, and converters. 
The auto integration mode optimizes gain to avoid compression 
and measurement time to achieve the jitter goal. You can define 
loss compensation for dB loss before and after the DUT. The built-
in uncertainty calculator displays vertical bars representing the 
calculated measurement uncertainty overlaid on the trace data. 

Figure 8. FieldFox handheld analyzer
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