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W H I T E  P A P E R

The Essential Noise Figure 
Measurement Guide
Measuring Noise Figure with Signal Analyzers – Part 2

Introduction
Optimizing your device performance is of upmost importance. System parameters 

such as sensitivity, bit error ratio (BER), and most importantly, noise figure, 

represent system parameters that characterize the ability of a receiving system to 

process low-level signals.

Lowering your receiving system’s noise figure is an economical and quick way to 

significantly improve your device’s performance. The first step to improving your 

receiving system’s performance is characterizing its behavior with a noise 

figure measurement.

The second part of this two-part series on noise figure will teach you how to make 

your own noise figure measurements on your device under test (DUT) using a signal 

analyzer, noise source, and dedicated noise figure application.

Part 1 of this series introduced noise figure and why you need to measure it as well 

as the Y-Factor Noise Figure and Gain measurement method.

https://www.keysight.com/us/en/assets/7119-1220
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How to Make a Noise Figure Measurement

Signal analyzers are often used to measure noise figure because they are already 

present in the test racks of many RF and microwave production facilities. With software 

and a controller, they can be used to measure noise figure.

With an available noise figure application, signal analyzers can characterize uncertainties 

negligibly degraded from the capabilities of the noise source used. The variable resolution 

bandwidths allow measurement of narrow-band devices. One of the advantages a signal/

spectrum analyzer offers is multi-functionality. Typically, measurement applications may be 

added to make measurements specific to a variety of communications standards.

The Basics
To calculate the figure of merit known as noise figure, we need to determine the ratio of 

the respective signal-to-noise power ratios at the input and output of the device. Note 

that the devices must be at a reference room temperature of 290 degrees Kelvin for this 

to work correctly.

This temperature level plays a factor because thermal agitation of electrons – or thermal 

noise – contributes to noise in electronics. Institutions adopted 290 Kelvin as the 

standard temperature for determining noise figure, so signal analyzers assume surface 

temperatures of all components in a noise figure measurement are at that default 

temperature. If not, the measurement may not be accurate.

Since ensuring the room temperature is 290 Kelvin is nearly impossible, your test setup 

must be adjusted slightly to compensate for the actual temperature. Using a noise source 

that compensates for temperature helps ensure accurate measurements.

The noise figure value is a number expressed in dB and indicates the performance of a 

device’s internal components like an amplifier. The noise figure value should be as low 

as possible, which indicates better device performance. Basically, a low noise figure 

means the device adds very little noise (which is good) and a high noise figure means

Figure 1-1. A signal analyzer (left) and noise figure application (right) can be used to make 
noise figure measurements on nearly any multi-port device
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means it adds quite a bit of noise (which is bad). To characterize your device’s noise 

figure, all you need is a signal analyzer with a dedicated noise figure application, a 

noise source to calibrate with, and your device under test (DUT).

Figure 1-2. Signal analyzer (left), noise source (middle), and DUT (right), which in this case 
is an amplifier

Noise sources provide both “hot” and “cold” power due to the thermistors built within their 

sensors, which continually update the correct temperature to the analyzer. Remember – 

making accurate noise figure measurements requires a 290-degree Kelvin temperature. 

2 Steps

To measure noise figure, you need to follow 2 simple steps:

1. calibrate your test system; and 

2. measure your device under test’s noise figure.

Yes, it is really that simple.

The DUT in this example is a low noise amplifier, but before its noise figure can be 

characterized, Step 1 needs to be followed.

Step 1: Calibration

In this first step, you will need to calibrate your signal analyzer. This will increase the 

accuracy of your noise figure measurements. When the DUT is a non-frequency-

converting device, you have a standard measurement situation. By first calibrating 

out your analyzer (characterizing and removing the effects of the second stage 

noise contribution), you can increase the accuracy of Noise Figure measurements by 

comparing them to a baseline reference.

Figure 1-3. The noise figure calibration setup – noise source connected to the front end of 
the signal analyzer
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All you’ll need is a noise source and a signal analyzer. The noise source calibrates out 

the noise contribution from the measurement system by automatically downloading 

electronically stored calibration data to the signal analyzer and compensating for the 

current measurement system temperature as well as temperature drift. This mitigates 

data uncertainty, the largest contributor to total measurement accuracy. Fortunately, 

the signal analyzer takes care of this.

From there, you will switch over to the N9069EM0E noise figure application on the 

signal analyzer. The Cal State at the top right-hand corner of figure 1-4 indicates that 

the signal analyzer is uncalibrated.

Figure 1-4. In the top right-hand corner of the N9069EM0E noise figure application we see 
the uncalibrated state of the signal analyzer

This means you need to calibrate. As shown in Figure 1-5, you will need to go into the 

measurement setup menu, press the DUT setup, and the calibration button. Then go 

into the calibration setup to determine what the setup looks like for calibration.

Figure 1-5. The measurement setup menu seen on the right-hand side of the N9069EM0E 
noise figure application

https://www.keysight.com/us/en/software/application-sw/x-series-measurement-applications/noise-figure-measurement-application--multi-touch-ui.html
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The calibration setup diagram in Figure 1-6 confirms that you need to connect a noise 

source to the front-end of the signal analyzer in order to calibrate.

Figure 1-6. An intuitive calibration setup diagram shown by the N9069EM0E noise figure 
application, which demonstrates the required connectivity. You can setup multiple profiles 
for a variety of DUTs, in this example only 1 DUT profile will be set up.

Next, as shown in Figure 1-7, you connect the noise source to the front-end of the 

signal analyzer, and the sensor’s cable runs to the USB port on the front-end of the 

analyzer to power the noise source.

Figure 1-7. The Keysight USB noise source connected to the front-end of the Keysight MXA 
signal analyzer
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Once completed, set the operating frequency range of the DUT you plan to test. If you 

are working with multiple DUTs, you can save profiles for each one of them, making 

testing quick and easy.

Figure 1-8. Using the N9069EM0E noise figure application to set the operating frequency 
range of the DUT

Today’s example just uses one DUT – an amplifier – which has a frequency range from 

10 MHz to 1 GHz. However, under the frequency menu, you should set the maximum 

frequency range parameters for the test to about 3 GHz. By doing this, you will be able 

to see the amplifier’s performance roll off as you scan past its operating range. Seeing 

the performance roll off is beneficial because you can see where you would need to spec 

the amplifier.

Figure 1-8 shows that this has been set accordingly on the signal analyzer.

Figure 1-9. Tapping the ‘Calibrate’ button in the N9069EM0E noise figure application to begin 
signal analyzer calibration
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And from there, all you need to do is go back to the measurement setup menu, as 

seen in Figure 1-9, and touch the “Calibrate” button on the signal analyzer. It will then 

calibrate the system.

This completes Step 1: Calibration.

Figure 1-10. Signal analyzer calibration is completed as indicated in the top right-hand 
corner of the N9069EM0E noise figure application

The Cal State in Figure 1-10 combined with the noise figure value of approximately 0 dB 

demonstrates that the system is calibrated. Please note, the noise figure value does not 

typically show exactly 0 dB. This phenomena is explained in the Non-Zero Noise Figure 

After Calibration application note.

Step 2: DUT Measurement

Now it is time to measure the noise figure of the amplifier.

Figure 1-11. The setup for DUT noise figure measurement – DUT connected to the front-end 
of the signal analyzer and the noise source connected to the input of the DUT

Signal AnalyzerNoise Source

Measurement

DUTNoise source

Amplifier

https://literature.cdn.keysight.com/litweb/pdf/5989-0270EN.pdf?id=405518
https://literature.cdn.keysight.com/litweb/pdf/5989-0270EN.pdf?id=405518
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To do so, you must remove the noise source from the front end of the analyzer and in 

its place connect the DUT, with the noise source at the input of the DUT. You will also 

supply power to the DUT by connecting it to the power port in the front end of the 

signal analyzer.

Figure 1-12. The DUT setup diagram as shown by the N9069EM0E noise figure application.

Figure 1-13 shows the measurement setup that you should follow. You will connect the 

DUT – the low noise amplifier – to the front-end of your signal analyzer and connect the 

noise source to the input of the DUT.

Figure 1-13. The Keysight USB noise source connected to the input of the DUT – LNA – and 
the DUT is connected to the front-end of the Keysight MXA signal analyzer

Now you are already making a noise figure measurement on your DUT, and you have 

completed Step 2: DUT Measurement, the final step of the noise figure measurement.
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Figure 1-14. The N9069EM0E noise figure application indicates the noise figure and gain 
value of the DUT

The graph in Figure 1-14 shows the noise figure in the specified operating bandwidth 

of the amplifier is approximately 2.5 dB and the gain is 20 - 22 dB, which makes for a 

good noise figure reading of your DUT. By looking beyond the amplifier’s operating range 

of 10 MHz – 1 GHz, you can see the performance roll off to 3 GHz. You notice that the 

noise figure and gain has not degraded significantly, meaning that the amplifier can still be 

used beyond its specified operating range while maintaining good performance. So, you 

will not have to worry about going back into the lab to rework the design of this amplifier.

Furthermore, another great tool offered by signal analyzers is their measurement 

uncertainty calculators, which give dependable uncertainty readings for a specified setup. 

With the noise figure uncertainty calculator, as seen in Figure 1-15, you will know your 

measurement uncertainty and how to reduce it. This information gives more insight into 

noise figure measurements for various devices.

Measurement Uncertainty Calculators

Figure 1-15. Measurement uncertainty calculators give dependable uncertainty readings for 
a specified setup
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Knowing the accuracy of a noise figure measurement is not intuitive. Because 

of that, Keysight has created measurement uncertainty calculators to help you 

estimate the accuracy of your noise figure measurements. These tools are useful not 

only for production, but also for system or component design, across all stages of 

R&D development. The noise figure measurement application also comes with a built-in 

uncertainty calculator.

Summary
By knowing your device’s noise figure value, you can calculate a system’s sensitivity 

from its bandwidth. The noise figure value is a key parameter when handling a small 

signal, and it lets you make comparisons by quantifying the network’s added noise.

Figure 1-16. A high-level view of the 2-steps required in making noise figure measurements on 
a DUT using a signal analyzer, noise source, and dedicated noise figure application

Noise figure is a quick and easy measurement for characterizing the degradation of a 

device’s signal-to-noise ratio (SNR) as a signal passes through a system or device. It 

tells the relative amount of noise being added to a signal. When considering a design, 

remember that noise figure characterization offers a clear method for improving the 

performance of your device.
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End of Part 2
This concludes the two-part white paper series on measuring noise figure. 

To stay up to date with the most recent tutorials, techniques, and best practices 

check out the Keysight Labs YouTube channel, follow the Keysight RF Test and 

Measurement Facebook page, and subscribe to the RF + Microwave blog:

• Keysight Labs YouTube Channel

• Keysight RF Test and Measurement Facebook Page

• Keysight RF + Microwave Blog 

https://www.youtube.com/user/KeysightOscilloscope
https://www.facebook.com/pg/keysightrf/posts/?ref=page_internal
https://blogs.keysight.com/blogs/tech/rfmw.html

