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Basics of AM, FM, and PM Modulation 
Types
Why modulate an analog signal in the first place? If you need to transmit an audio signal over a great 
distance, you may find it challenging to transmit that data as is. Audio signals do not have the correct 
properties to reach a receiver that is far away or to penetrate obstacles that may be in the way. You 
could blast the volume, but you will only succeed in annoying your neighbors.

On the other hand, radio frequency (RF) signals have valuable propagation characteristics. You can 
transmit those signals over huge distances, through space, air, forests, and buildings and even around 
mountains, and they can still be properly received.

So, what if you could piggyback your audio signal on an RF signal? This is the goal of modulation — to 
take the valuable information you are trying to send, be it voice or music, and transmit it to someone a 
great distance away by imposing that information on an RF carrier.

A modulator combines these signals for transmission. A demodulator takes the two components back 
apart, so you can recover the valuable information and dispose of the RF signal.

In this white paper, you will learn what analog modulation and demodulation is, why it is 
useful, and a tip for measuring modulated signals.
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There are three types of modulation: amplitude modulation (AM), frequency modulation (FM), and 
phase modulation (PM).

Amplitude modulation

AM keeps frequency and phase constant and scales the amplitude proportionally to the audio signal. 
In the simplest case, where the audio signal is a sine wave, the frequency domain view looks like 
three tones — the carrier plus two sidebands separated by the rate of the modulation. Low-frequency 
modulation shows the sidebands close to the carrier, and high-frequency modulation shows the 
sidebands farther from the carrier.

Figure 1. Diagram of modulation

Figure 2. Example of AM in the time domain Figure 3. Example of AM in the frequency domain
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Figure 4. Example of FM in the time domain

Figure 5. Examples of FM in the frequency domain

Frequency modulation

FM holds amplitude constant and changes the frequency of the waveform over time, proportional 
to the audio signal. If the audio signal is a sine wave, then in the frequency domain, FM looks like a 
carrier signal plus sidebands that coincide with the modulation. You can determine these with Bessel 
functions. Keep in mind that this might look the same as AM in the frequency domain.
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Phase modulation

PM also holds amplitude constant but shifts the waveform by phase. This appears the same 
as FM in the time domain. Sometimes FM and PM are called angle modulation because 
they are so similar in the time domain. In the frequency domain, PM looks like a carrier 
signal plus sidebands that coincide with the modulation. As with FM, you can determine 
these sidebands with Bessel functions.

Figure 6. Example of PM in the time domain

Figure 7. Examples of PM in the frequency domain
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Types of Analog Demodulation Tests
If you are working with analog modulation, you should test that the modulation is correct and that your 
signal is linear, has low distortion, and ultimately is received and demodulated properly. Below are a 
few tests you may need to perform and how to set them up:

Transmitter tests

To test the analog modulation of a transmitter, connect the transmitter output to the input of the signal 
analyzer. The analyzer expects to see sine modulation, so you should stimulate your transmitter with 
a modulated sine wave. The analyzer will look at the RF signal, plus the modulated audio content. You 
could also use an application on your signal analyzer to look at the details of the signal modulation and 
demodulation.

Signal generator tests

If you work in a calibration lab, you may need to test a signal generator for annual calibrations. This test 
setup is similar to the transmitter setup described above. In this case, you would connect your signal 
generator output to the input of the signal analyzer. Unlike the transmitter test, you do not need to add 
a modulation source, because you run modulated signals from the generator.

Component tests

You may need to test individual components, such as a modulator or amplifier. In the case of a 
modulator, you will stimulate one input with an audio generator and the other input with an RF 
signal generator. Connect the output to the signal analyzer. Then the analyzer will show you the 
characteristics of the modulator. This test works for phase or amplitude modulators.

In the case of an amplifier test, you would stimulate the amplifier with a modulator to look for 
distortion or compression problems using an analog demodulation application with the signal analyzer.
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Figure 8. An unknown modulated signal in a swept-spectrum view

Quick Tip for Making Demodulation 
Measurements
If you do not want to read through this whole section, here is the tip up front: Skip lengthy 
setups and use an application to speed up analysis.

Without an app, you may start looking at your signal with a standard swept-span view on 
your signal analyzer.

But with swept span, it can be hard to tell what type of modulation you are looking at. For example, 
Figure 8 looks like it might be AM, but you cannot be sure with this view alone — the additional 
sidebands make it ambiguous. Are they distortion from the carrier? Or is this an indication of phase 
or frequency modulation instead?
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Figure 9. An unknown modulated signal in a swept-spectrum view

You could switch to a zero-span view so that the horizontal axis represents time. This might give you 
a better indication.

Now we can clearly see this is AM sine modulation, but it is still hard to quantify the modulation 
depth. Instead of wasting time trying to analyze from this setup, use an application made specifically 
for analog demodulation measurement to take away the guesswork.

For example, the Keysight analog demodulation application has a quad view that displays the 
RF spectrum, deviation versus time, the audio signal after demodulation, and the metrics of the 
modulation and distortion. In this view, you can immediately see the modulation type.
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Figure 10. FM signal measured with Keysight’s analog demodulation application

An FM signal is shown with this view in Figure 10. It also provides insight into the performance of 
your device and the quality of the signal before and after demodulation.

Instead of trying to play with the analyzer’s settings, displays, and measurements, you 
can immediately gain a wealth of information about your modulated signal using a 
simple app..
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Other Useful Demodulation 
Measurements
In addition to the single tone modulation measurement, as shown above, Keysight’s analog 
demodulation application enables you to

• measure FM stereo format for broadcast FM, plus RDS/RBDS data services for broadcast FM

• measure single-sideband forms of AM (only one sideband gets transmitted; the other sideband 
and the carrier are suppressed)

• listen to your demodulated signal (your audio signal can go to the speaker or headphone jack of 
the signal analyzer)

• measure residual modulation (this refers to the hiss or crackle you might hear on the radio)

• measure incidental modulation (if you accidentally get FM or PM when you mean to perform AM 
and vice versa)

• measure some complex modulation waveforms (including non-sinusoidal modulation, such as a 
triangle waveform)
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The other benefit of Keysight’s app is that the same software runs on every model of the X-Series 
family, so if you make your measurements with an MXA and later decide to make additional 
measurements on a PXA, the SCPI commands and application will be the same. To learn more about 
Keysight’s analog demodulation application, try it out yourself with a free trial along with other 
X-Series measurement applications.

Conclusion
Transmitting audio data is difficult without a carrier signal that can propagate over great distances 
and through obstacles. Analog modulation is the process of combining the audio data with an RF 
carrier signal to get your data where it needs to go. Demodulation is the process of separating those 
signals to receive the original audio data. There are three main forms of modulation, all of which you 
can measure easily with a signal analyzer and analog demodulation software.

Keysight enables innovators to push the boundaries of engineering by quickly solving 
design, emulation, and test challenges to create the best product experiences. Start your 
innovation journey at www.keysight.com.
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