
Keysight Technologies
NFC-A and -B Sideband Measurements
Using Keysight InfiniiVision X-Series Oscilloscopes

Application Note



Introduction

Load modulation of NFC-A and NFC-B target/listener devices is based on a 13.56 MHz carrier 
frequency (fC) with a subcarrier at 848 kHz (fSC). This creates an upper sideband frequency (fUSB) 
at 14.41 MHz and a lower sideband frequency (fLSB) at 12.71 MHz. Although characterizing load 
modulation is more often performed in the time domain using an oscilloscope or a one-box NFC 
tester, engineers that develop the RF technology blocks of NFC devices often prefer to perform 
load modulation measurements in the frequency domain. This is the natural measurement 
domain of spectrum analyzers, as well as that of most RF engineers. But there are several 
advantages in using a Keysight InfiniiVision X-Series oscilloscope to not only view and measure 
NFC signals in the time domain, but to also perform NFC-A and -B sideband measurements in 
frequency domain — simultaneously. This allows for cross-correlation between time-domain 
and frequency-domain measurements. One of the advantages of using an oscilloscope 
for frequency-domain measurements is the scope’s ability to synchronize acquisitions on 
sequences of complex RF communication with optional NFC triggering. Another advantage is 
“gated” FFT measurements. Gated FFT measurements allow you to isolate frequency-domain 
measurements onto specific bursts of subcarrier-generated load modulation for more accurate 
sideband measurements.
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This application note focuses on showing you how to properly window-in on a portion of NFC-A 
and NFC-B load modulation, perform a gated FFT measurement, and then use the FFT peak 
search capability of a Keysight InfiniiVision X-Series oscilloscope to measure the amplitude 
(power levels) and frequency of NFC sidebands, subcarrier, and carrier.
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One method of capturing and displaying NFC listener load modulation is to use a reference 
polling antenna, such as Keysight’s N2116A 3-in-1 programmable NFC antenna, along with 
applied poller stimulus to initiate communication with a listening device under test. Keysight’s 
automated NFC test software can be used to program the antenna along with an external 
AWG to generate the appropriate poller antenna stimulus. The Keysight NFC test software 
also sets up the scope to trigger on and repetitively capture specific sequences of NFC 
communication. One of the big advantages of using a scope with NFC measurement capability 
over an NFC one-box tester is that it allows you to view repetitive acquisitions of dynamic NFC 
communication.

Another method is to simply “sniff out” RF communication in the air between two non-reference 
devices (poller and listener) using an NFC calibration coil as shown in Figure 1.

Capturing and Displaying NFC Communication on the Oscilloscope

Figure 1. Sniffing out NFC communication between a mobile phone (poller) and a tag (listener) using an 
NFC calibration coil.
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Setting up the scope to trigger on NFC communication is easy if the scope has an NFC trigger 
option. Figure 1 shows an example of a Keysight oscilloscope triggering repetitively on an 
ALL_REQ command generated by an NFC-A polling device. To learn more about capturing 
and triggering on NFC communication, refer to Keysight’s application note titled, “NFC Device 
Turn-on & Debug” listed at the end of this document.

Figure 2. Triggering on NFC-A communication.

Capturing and Displaying NFC Communication on the Oscilloscope (Continued)
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Setting Up the Sideband Measurement Window

FFT measurements on oscilloscopes are typically performed across the entire acquisition 
window, which in most cases is the same as the display window. For the example shown 
in Figure 1 where we triggered on and captured both poller modulation and listener load 
modulation at 50 µs/div, the acquisition window is 500 µs (50 µs/div X 10 divisions). This is too 
long of an acquisition window for proper FFT sideband measurements on the load modulation 
of a listening device. One solution is to simply zoom in to a tighter window in a specific location. 
Another solution is to use the scope’s zoom timebase along with a gated FFT.

Figure 3 shows an example of using the scope’s zoom timebase set at 5 µs/div (lower display 
window) and horizontally positioned to display a portion of the listening device’s load 
modulation near the beginning of the response. The zoom timebase display is basically an 
expansion of a user-defined portion of the main timebase.

A gated FFT — which we will eventually get to — will perform an FFT operation only on 
acquired data during the zoom timebase window. But we don’t yet have the zoom timebase 
set up properly. So where should the zoom timebase be set for a proper gated FFT sideband 
measurement?

Figure 3. Using the scope’s zoom timebase mode to view bursts of NFC-A ASK modulation.
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If you look closely at NFC-A listener amplitude-shift keying (ASK) modulation, you will notice 
that the modulation appears to come in bursts. For NFC-A, the maximum number of cycles 
of modulation in one or more of these bursts is eight. Windowing around one of these 8-cycle 
bursts is where the zoom window should be centered (using the position/delay knob) for the 
gated FFT sideband measurement. Note that if you demodulate the captured waveform (using 
the scope’s “envelope” waveform math function) and measure the frequency of modulation 
during one of these bursts, it should measure approximately 848 kHz, which is the subcarrier 
frequency (fSC).

Eight cycles of 848 kHz is 9.43 µs. Therefore, the zoom timebase should be set at 943 ns/div 
(9.43 µs/10 divisions) with the horizontal position/delay set to center on the modulated burst 
of pulses so that exactly eight cycles of modulation are displayed in the lower zoom display 
as shown in Figure 4. Note that with most other vendor’s oscilloscopes, it is not possible 
to establish a precision FFT acquisition window. Once the zoom timebase has been set up 
properly, it is now time to perform some frequency-domain sideband measurements.

Figure 4. Windowing on exactly eight cycles of modulation.

Setting Up the Sideband Measurement Window (Continued)
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Using Gated FFT to Display the Sidebands

InfiniiVision X-Series oscilloscopes can be set up to perform an FFT operation on the entire 
acquisition record or a gated (or selective) portion of the acquisition. If the zoom timebase 
mode is turned on and if a gated FFT has been selected, then the FFT is performed only on 
acquired data during the zoom window. Figure 5 shows a gated FFT measurement on the zoom 
window with FFT display scaling set at a center frequency of 13.56 MHz and a span of 3 MHz.  
In this screen image we can clearly see the carrier frequency (fC) at center screen and the lower 
sideband (fLSB) and upper sideband (fUSB) on each side.

With just eight cycles of NFC-A modulation for which to perform this FFT operation on, 
FFT frequency resolution is limited (wide lobes). Although it may be tempting to expand the 
zoom timebase to a larger window to improve frequency resolution and accuracy, the peak 
amplitudes of the sidebands will decrease and become less accurate. If you zoom in to less 
than eight cycles of NFC-A modulation, peak amplitudes will remain relatively flat and accurate, 
but you will lose frequency resolution (lobes get even bigger and will begin to merge). If you 
open up the FFT display span (beyond 3 MHz) while keeping the FFT acquisition window at 
exactly 943 ns, you’ll be able to identify and measure harmonics of the sidebands if desired.

Figure 5. Performing a gated FFT measurement on NFC-A load modulation.
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Carrier and Sideband Measurements

One method of measuring amplitude and frequency of various frequency peaks is to use the 
scope’s cursors (markers) slaved to the FFT plot. Another and more automatic method is to 
use the scope’s FFT peak search capability. Figure 6 shows the measurement results of an 
automatic FFT peak search. The white triangles at the top of the lower zoom display show 
that the scope found three frequency peaks (spurs) that were within the FFT peak search 
threshold and excursion settings. The amplitude and frequency of each of these three peaks are 
shown in the peak measurement window in the upper right-hand corner of the scope’s display 
(highlighted in the red box). Peak #1, which is the lower sideband (fLSB), measured —17.31 dBm 
at 12.703 MHz. Peak #2, which is the carrier (fC), measured 7.515 dBm at 13.542 MHz. The 
difference between the carrier frequency and either the lower or upper sideband frequency is 
the subcarrier frequency (fSB). Based on the lower sideband, we measure a subcarrier frequency 
of 840 kHz.

Figure 6. Using the scope’s automatic FFT peak search capability to measure sideband and carrier 
amplitudes and frequency.
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Figure 7. Performing a gated FFT sideband measurement on NFC-B load modulation.

Figure 7 shows an example of performing a gated FFT sideband measurement on NFC-B 
load modulation. With NFC-B’s BPSK modulation, there are many more repeating cycles of 
the subcarrier for which to perform this frequency-domain measurement. This provides us 
significantly higher frequency resolution than with NFC-A, as evidenced by the narrower 
frequency peaks in the FFT plot, as well as a more accurate determination of the sideband, 
subcarrier, and carrier frequencies.

Carrier and Sideband Measurements (Continued)
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Summary

Performing NFC sideband measurements in the frequency domain is possible when using an 
oscilloscope with NFC triggering, gated FFT, and FFT peak search capability, such as Keysight’s 
InfiniiVision X-Series oscilloscopes. In this application note we showed how to window-in on 
repeating patterns of NFC-A and NFC-B listener (target) load modulation, perform a gated FFT 
measurement, and then measure amplitude and frequency of the upper and lower sidebands, 
as well as the carrier.

To learn more about how to make various benchtop time-domain NFC measurements, including 
how to demodulate a captured waveform in order to perform parametric timing measurements, 
refer the application note titled, “NFC Device Turn-on & Debug” listed at the end of this 
document.

To learn more about automated pass/fail NFC testing based on NFC published specifications 
using Keysight’s NFC automated test software along with the N2116A programmable 3-in-1 
NFC reference antenna (poller-3 equivalent coil, listener-3 equivalent coil, and resonant 
frequency test coil), refer to the data sheet on this product solution listed at the end of this 
document.

Related Products

For full/complete NFC conformance testing, Keysight recommends the T3111S.

–– Supports analog RF and digital protocol parts of NFC, EMVTM and ISO test specifications
–– Platform supports R&D, pre-conformance and conformance testing
–– Fully qualified by NFC Forum certification program
–– Qualified for EMV Level 1 test including PICC/Mobile and PCD
–– Software-upgradeable, integrated, automated, extensible test platform
–– Available with automatic positions robots for accurate antenna location
–– Easy-to-use test manager for execution and results analysis
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www.axiestandard.org
AdvancedTCA® Extensions for Instrumentation and Test (AXIe) is an 
open standard that extends the AdvancedTCA for general purpose and 
semiconductor test. The business that became Keysight was a founding 
member of the AXIe consortium. ATCA®, AdvancedTCA®, and the ATCA logo 
are registered US trademarks of the PCI Industrial Computer Manufacturers 
Group.

www.lxistandard.org

LAN eXtensions for Instruments puts the power of Ethernet and the Web 
inside your test systems. The business that became Keysight was a founding 
member of the LXI consortium.

www.pxisa.org

PCI eXtensions for Instrumentation (PXI) modular instrumentation delivers a 
rugged, PC-based high-performance measurement and automation system.

Related Literature

Publication title Publication number
DSOXT3NFC/DSOX4NFC Automated NFC Test Software, N2116A/N2134A/N2135A 
Programmable NFC 3-in-1 Antenna - Data Sheet

5992-1593EN

InfiniiVision 3000T X-Series Oscilloscopes - Data Sheet 5992-0140EN
InfiniiVision 4000 X-Series Oscilloscopes - Data Sheet 5991-1103EN
T3100S Series NFC Test Systems - Technical Overview 5992-0188EN
NFC Device Turn-on and Debug - Application Note 5992-2066EN
NFC Testing Using an Oscilloscope – Part 1: R&D benchtop testing Youtube.com
NFC Testing Using an Oscilloscope – Part 2: Automated testing Youtube.com

http://www.axiestandard.org
http://www.lxistandard.org
http://www.pxisa.org
http://www.Youtube.com
http://www.Youtube.com
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