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1 Introduction

AN12810

Instead of using a high end impedance analyzer or vector network analyzer (VNA), there
are cheaper solutions available, which can be used instead. The high end VNA (like

for example, the ZVL, see [1]) allows for an easy and accurate measurement of NFC
antennas. They are flexible and powerful tools.

However, even with a simple tool like the NanoVNA (see [2] and Figure 1) a very
accurate measurement for the NFC antenna tuning can be done.

1. Example measurement setup

Figure 1. NanoVNA

This document describes the NanoVNA, its limitations, and how to use available PC SW
to extend the measurement features of the NanoVNA for the NFC antenna design.
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211

AN12810

The NanoVNA is easy to use. It provides touch display and a wheel / button as shown in
Figure 2 to control the measurement and display settings.

The USB-C connector can be used to load the battery and to connect the NanoVNA to
the PC (see [3]).

1. Select Wheel, On/Off switch, USB connector

Figure 2. Control I/0 of the NanoVNA

For the NFC antenna tuning, only the S11 measurement is required and described. The
S11 measurement is used to determine the antenna loop inductance (which is required
to start the tuning process), and it is used to measure the tuning itself. All reference
measurements use the smith chart.

The NanoVNA can be set in such a way that it simply shows the smith chart. The marker,
which should be set to 13.56 MHz allows to easily read the required data. For a proper
reading and documentation, the use of a PC tool is recommended, for example, the
NanoVNA Saver (see [3]).

Preparation

The proper S11 measurement requires a proper connection and a proper calibration.
The low measurement frequency range from 10 MHz to 20 MHz allows the use of a very
simple but effective calibration.

Standard single pin row header

It is recommended to use a simple standard single pin row header for all measurements,
as shown in Figure 3.
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3 -~ - ~
1. The 2-pin female header is connected via thin wires to Tx1 and Tx2 to protect the SMD pads.
Figure 3. Standard pin row header for all connection

The NXP NFC reader evaluation boards are prepared to cut off the antenna from the
tuning circuitry and to cut off the tuning circuitry from the main board. On each side of the
cutting line, there is the option to solder a standard single pin row header to reconnect
the parts again.

With this simple preparation, antennas with or without tuning circuitry can be easily
exchanged without soldering.

Normally it is a good solution to keep the tuning circuitry connected to the antenna loop.
The maijor part of the EMC filter and the Rx-path connection is assembled on the main
board. This part normally does not need to be changed at all. So all tuning can be done
on the tuning part, which can be kept connected to the antenna.

With this concept, different antennas with different tunings can easily be connected to the
main board without the requirement to solder anything.

The measurement cable can be prepared with a male 2-pin row header, which allows a
simple access to all measurement points:

¢ The antenna loop can provide a female 2-pin row header, which allows the antenna
loop inductance measurement.

* The Tx1 and Tx2 pins or preferably the related LO pads can be connected to a female
2-pin row header via thin wires, as shown in Figure 3. These short wires have an
impact on the measurement, since they add some nH to the measurement. However,
this impact can be kept minor, as long as the wires are very short.
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Calibration

The S11 measurement requires a proper calibration. Some VNA tools offer a calibration
and a correction. The calibration is done at the measurement port, while the correction
adds some (mechanical or electrical) cable length.

For the NFC frequency range, the measurement can be simplified. A simple full 1-Port
calibration (Open, Short, and Load) with a self-made calibration kit is recommended, as
shown in Figure 4.

Open

S11

| 50 Ohm Load
(2x SMD 100 Ohm in parallel)

Short

1. This typically works accurately enough for frequency <100 MHz.

Figure 4. Self-made calibration kit

Using the standard pin row header, as described in Section 2.1.1, the calibration kit is a
simple female pin row, where the short provides a short, the open provides “nothing” and
the load is done with standard SMD resistor. The photograph in Figure 4 shows two 100
Q resistors in parallel instead to achieve the 50 Q load.

This calibration is accurate in the given frequency range, since it calibrates the
measurement port in that plane, where the measurement takes place.

Stand-alone operation

The NanoVNA can be used stand-alone, as shown in Fig 5. The display is small but
accurate enough to see the smith chart plot. And the marker info reads the relevant
impedance data.
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i) SHITH 1.9FS 17.7g-44.6nH : 13.560 908 HHz

NanoUNA

1. S11 showing a tuned NFC antenna.

Figure 5. Stand-alone operation

2.3 Known limitations

Obviously the number of measurement points is limited to 101. This limitation requires to
either use a small sweep range (i.e. only 5 MHz) around the center frequency of 13.56
MHz. Such a small sweep range is recommended to be used in the stand-alone mode to
get a proper result.

Or the PC SW allows to measure a wider sweep range in segments of 101 measurement
points each. The NanoVNA Saver allows such an automatic scan in n segments, which
makes it very easy to measure a full sweep from 10 MHz to 20 MHz in, e.g., 7 segments.
That gives a very accurate measurement with e.g. 707 measurement in total. The
segments are added into one plot automatically.

The display size and the related resolution are limited, too. However, the display is very
clear and good enough to read and judge the results. And then the data can be retrieved
via USB to any other platform. So in case of the use of NanoVNA Saver, there is no
limitation in resolution anymore.
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3 NanoVNA Saver

There are several open source SW tools available to drive and read the NanoVNA. Here
in this document the NanoVNA Saver has been chosen (see [3]).

3.1 Driver

There is no driver installation required in MS WIN10. The NanoVNA automatically
connects as “USB Serial Device”, as shown in Fig 6.

. I Audioinputs and outputs

@ Batteries USB Serial Device (COME) Properties >
® Carneras
[ Computer General Port Settings  Driver Details  Events

s Dizk drives

LISE Seral Device {COME)
& Display adapters o )

¥ Firmware

) Human Interface Devices Device type: Ports {COM & LPT)

¥ Jungo Connectivity Manufacturer: Microsaft

== Keyboards o _ Location: Port_#0003.Hub_#0001
@ Mice and other pointing devices

[ Monitors Device status

I Metwork adapters
R Other devices
v ﬁ Ports (COM & LPT)
ﬁ USE Serial Device (COME)
= Print queues
1 Processors

B Security devices

[This device is working propery.

o Smart card readers

B Software devices

i Sound, video and game controller
&y Storage controllers

E3 System devices

B |lnivercal Serial Bus rantrallers Cancel

- Thmmn s Sailne e e

1. No driver installation is required in WIN10.
Figure 6. Standard USB driver for WIN10

3.2 NanoVNA Saver installation

The NanoVNA Saver can be downloaded from [3]. It is licensed under version 3 of the
GNU General Public License, and comes without any warranty.

The Fig 7 shows a measurement result with a sweep from 10 MHz to 20 MHz with 707
measurement points, plotted in the smith chart.

There is no installation required, the SW simply can be started after download. It takes
a few seconds, when started, before the full screen shows up. The SW is available for
Microsoft Windows, Linux and MacOS.
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NanoVNA Saver 0.2.2-1 (Sweep: 2020-03-19 09:4928 @ 707 points)

Sweep control
start [ 10MHz] | center
Segments 14.16kHz/step
Sweep settngs .
o
Sweep Stop
Markers
Marker 1 1®
vaker2 MO
vakers WO
Hide data Locked O
TOR
Estimated Gble length: 2.141 m

Time Domain Reflectometry ...

Reference sweep
Set current 2 reference
Reset reference
Serial port control

Seral port [COMG ]| Rescan

Disconnect: Manage
Fles ... Caloration ...
Display setup ... About ...

Marker 1

Frequency: 13.5551 MHz
Impedance: 17.36 411.79Q
SeriesL:  21.002nH

Series C: -6.5641 nF
Paralel R: 17.54 Q
Paralel X: 1.9982 uH

Frequency: Series C:
Impedance: Paralel R:
Series L Paralel X:
Marker 3

Frequency: Series C:
Impedance: Paralel R:
Series L Paralel X:

s11
Min VSVWR: 2.870 @ 13.5693HHz
Retum loss: -6.206 dB

21

Min gain: -124.466 0B @ 15.5047MHz
Max gain: -87.757 dB @ 13.7817MHz

Anayss ..

1. Smith Chart Plot in “Dark mode”
Figure 7. Screenshot of the NanoVNA Saver

3

AN12810

It makes sense to set the marker to 13.56 MHz.

The screenshot shows a sweep based on 7 segment, resulting in 707 measurement
points, from 10 MHz to 20 MHz.

3.3 Recommended settings

Here some recommended settings are listed. These settings work fine especially for the
NFC antenna tuning.

.3.1 General settings and info

The Fig 8 shows the general settings, as they can be set in the main window, and all the
info that is shown besides the smith chart.
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Sweep control

Segments | 7|  14.16kHz/step

Sweep settings ...

Sweep Stop
Markers
Marker 1 | 13.56MHz | | ®
Marker 2 | | m| ©
Marker 3 | 'm0
Hide data Locked O

TDR
Estimated cable length: 2.141 m

Time Domain Reflectometry ...

1. This is part of the main window.
Figure 8. General settings and info

Marker 1

Frequency: 13.5551 MHz
Impedance: 17.36 +1.79 0
Series L: 21.002 nH

Frequency:

Impedance:

Series L:

Marker 3

Frequency:

Impedance:

Series L:

511

Min VSWR: 2.879 @ 13.5693MHz
Return loss: -6.296 dB

521

Min gain: -124.466 dB @ 15.9947MHz
Max gain: -87.757 dB @ 13.7817MHz

Series C: -6.5641 nF
Parallel R: 17.54 Q
Parallel %: 1.9982 pH

Series C:
Parallel R:
Parallel X:

Series C:
Parallel R:
Parallel X:

Normally a single marker is sufficient.

3.3.2 Sweep settings

AN12810

The Fig 9 shows the Sweep settings.
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 Sweep settings — O >

Sweep name

Sweep name [MFC Antenna tuning

Set Reset

Settings
(® Single sweep
(O Continuous SWeep

() Averaged sweep

Number of measurements to average |3 |

Mumber to discard |III |

Averaqging allows discarding outlying sarmples to get better averages.
Cornmon values are 3/0, 5/2, 9/4 and 25/6.

Sweep band
Select band MFC w
Pad band limits @ None

O 10%

O 25%

O 100%
Sweep span: 10.00MHz to 20.00MHz

Set band sweep

1. The NFC band had been defined and set before in the Display settings.

Figure 9. Sweep settings

The single sweep is good enough and faster than the averaging. It is recommended to
increase the number of measurement points with multiple segments rather than enable
the averaging.

The “NFC” band had been defined and set before in the Display settings. It defines the
Start frequency of 10 MHz and the Stop frequency of 20 MHz. Any other band with any
other name can be defined there.

A Sweep name can be entered, which then is shown in the top of the smith chart.

Note: In the stand-alone operation, a smaller sweep range makes sense. In the stand-
alone operation only a “single segment” with 101 measurement points is used, so it
makes sense to reduce the sweep range to e.g. +/- 2.5 MHz around the 13.56 MHz.
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3.3.3 Display settings

AN12810

The Fig 10 shows the Display settings.

= Display settings

Options

Return loss is:

Show lines
Dark mode

Sweep color

Second sweep color
Reference color

Second reference color
Point size

Line thickness

Marker size

[] Show marker numbers

Filed rrarkers
Data point is:

Displayed charts

S11 Smith Chart w
None ~
Markers

Add

®) Megative

O Positive

Displays a thin line between data points
Black background with white text

| 3|:ux¢|

| 2|:ux¢|

| 1EI|:|:-:¢|

Displays the marker number next to the marker
Shows the marker as a filed triangle

(® At the center of the marker

() At the tip of the marker

None ~ | |[None ~

None ~ | |[None ~

Remove Settings ...

Chart colors

[ use custom chart colors
Chart: background

Chart foreground

Chart text B

Font
Font size |9 A4
Bands

Show bands
Chart bands

Manage bands

VSWR Markers

VSWR Markers |l
Mone w

Add ... Remove

. These settings are not default.

Figure 10. Display Settings

In the Display settings colors and the look & feel can be defined. It is recommended to
disable all traces except the first one, which should be set to “S11 smith chart”.

In the sub menu <Manage bands> the available frequency bands can be edited. In this
menu, it might make sense to define the “NFC” band.
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3.3.4 Marker settings
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The Fig 11 shows the most relevant data settings for the marker(s) for the NFC antenna

design.

Settings

o Marker settings

Colored marker name

Displayed data

Series R

] VSWR

] 511 Polar Farm
] 521 Palar Farm

[] Series equivalent L/C
Series equivalent L
[ ] Series equivalent C
Parallel R
Parallel equivalent L/C
[] Parallel equivalent L
[] Paralel equivalent C

[1 Return lnss

Series R:

OK

Example rmarker

Frequency: 123.300 MHz
Impedance: 450 4500 0

450 Q

Apply

Series L: -644.353 nH
Parallel R: 1.0056 k&
Parallel X: 1.424 pF

Defaults Cancel

1. A useful selection of data for NFC antenna tuning.

Figure 11. Marker settings

For every marker, the NanoVNA Saver shows some related data, if needed. For the NFC

antenna tuning, the selected data is useful.
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4 NFC antenna design with NanoVNA

4.1

AN12810

The NFC antenna design is done in the same way as described in the related

application notes (see [4], [5], [6], and [7]). The following sections show a comparison of
measurement results between a reference measurement, done with a ZVL from Rohde &
Schwarz (refer to [1]) and the NanoVNA.

Measuring the antenna loop

Before measuring anything, it is required to calibrate the setup and check the calibration.
The easiest way to perform a 1-Port calibration with the NanoVNA is to use the
Calibration assistant of the NanoVNA Saver. It is required to make all relevant settings
upfront:

1. Set the measurement start and stop frequency, for example, from 10 MHz to 20 MHz.
2. Set the number of segments to get a proper resolution, for example, 7.
3. Set a marker to 13.56 MHz.

Figure 12 shows the calibration of a short: the smith chart indicates the uncalibrated
measurement, using the calibration short.

1. The calibration with Short was done, and the next calibration step is requested.

Figure 12. Calibration with Short

Figure 13 shows the calibration of an open: the smith chart indicates the uncalibrated
measurement, using the calibration open.
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135551 Mz Series G 9.2534 pF
19021 41270 | parllR: 2.6868 K0
Seresl:  14.898 M parall X: 22.420 L
"
n
Sweep b
"
Varkers
El
varker 1 350we| (W] ® o
Varker 2 s
varker 3 5o s
ol
Hide data Lodeed O
R
|| =
| El op
Estimated cable length 0.0m 3 | RN incbatad
Teme Dormai Refiectometry M
Offset dety 0,00
Apply Res
ot
Load
Through
4 setting:
= Fles
Save clbration Load albration
Seral po
Seral port [ oM /] | Rescan
Dicomnect Manage
Fies . Glbrt
Dsplay setup About Anal

1. The calibration with Open was done, and the next calibration step is requested.

Figure 13. Calibration with Open

Figure 14 shows the calibration of a load: the smith chart indicates the uncalibrated
measurement, using the calibration load.

511 Smith Chart
135551 Wz
5003 42.8m0
Sl 50287 pH

paralel R 50.028 2
parall X: 200,92 fF

Ll
n
T s
"
varke
g
varker 1 FEEeal ORI :
—— s | short | Dataset (707 ponts)
varker 3 O |rs | 1ot
| oS lokea O M | Load | ataset (707 pons)
R
| Isotion | Uncalbrated
|| ™= o
Estimated cable length: 7011.708 m 9 | IR uncibrated
Teme Dorman Refiectometry M

Offset detay 00055 [

Apply Reset

p— . Fies
5 Load calbrati
Resc
Manage
Fies . Gibrator
Dsplay setup . About . Analst ..

1. The calibration with Open was done, and the calibration is completed.

Figure 14. Calibration with Load

The 1-Port calibration is done now, and it can be applied. Afterwards the calibration
should be checked, measuring the Open, Short and Load again: now they must return a
single dot in the related position of the smith chart, as shown in Figure 15, Figure 16, and

Figure 17.
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NanoVNA Saver02.2-1 (Sweep: NFC antenna tuning 2020-03-26 0301:51 @ T07 paints)

Sweep control Marker 1

sarc [ 101 o[ 15Wz]  Frequency: 13.5551 Mz 23081

. o [ ow|  ITeecince: 0004349 $5.09m 0 R 103m0
Seresl:  -5973pH 133344
Segments 7] 7.08204sten
Sweep settings ..
e Frequency: Seris C:
I 100> rpedance: Parael R:
T - Seres L: Parael X:
Marker 3
Varkers
Frequency:
CEET Impedance:
Varker 2 senes L
varker 3 50 su
Hide data Lockeg O Mn VSR
Return loss:
e s21
el A0 Min gain: 129.039 68 @ 19.3482MHz
Teme Dormai Refiectometry Max gan: -67.707 dB © 14.9290MHz
Reference sweep
St cunent as reference
seral port control
Seral port [ oM /] | Rescan
Dicomnect Manage
Fies . Glbraton ..
Dsplay setup About Anabss

Figure 15. Measuring the short

NanoVNA Saver 022-1 (Sweep: NFC entenna tuning 2020-03-26 030301 @ T07 paints)

Sweep control Marker 1
start [ 1onz] Frequency: 13,5551 Mz : 10014
Impedance: 58.3¢ 117k 2 aral R 204.13 k2

stop soan 1o

Seresl: 13766 m parall X: 80.298 fF

Segment 7.082/sten
Sweep settngs

e Frequency: Seres C:

[, o0 yrpecance: Parall R

5 Seres L: Paall X

Sweep

e
Vot T
vrer2
vorer3 =P e
i deg O MV
R s
o s21

Estreted ablelength 0.0 m Min gain: -125.031 48 @ 16.2038MHz

Tene Dorrain Reflecometry ... Max gan: -86.152 dB © 13.8242MHz

Reference sweep

S cuent as reference

seral port control

Seral port [COMe Rescan
Diconnect Manage
Fies . Galbraton ..
Dsplay setup About Anabss

Figure 16. Measuring the open

All information provided in this document is subject to legal disclaimers.

© NXP B.V. 2020. All rights reserved.

Application note
COMPANY PUBLIC

Rev. 1.0 — 21 April 2020
605210

16 /24



NXP Semiconductors

AN12810

How to use the NanoVNA for the NFC reader antenna design

N 1 2020-03-26 030008 @ 707 point) - o x
Sweep control Marker 1
st [ 1omiz] [ 1ow]  Frequency: 13.5551 Mz Seris ;612,38 nF
. Lo Imoscance: 49.99 3192m | paalel i 49.991 2
Seresl:  -225.12pH parall X: 00.08
Segments 7] 7.08204sten

Sweep settings ..

Frequency: Series C:
[, o0 rpecance: Parlel

T T SeresL: Parlelx:
Markers

_ _ Freauenar:
Marker 1 13.56000] 0] ©  grpecance:
Marker 2 O Seresl:
Marker 3 wO su
s Loded O M VSWR: 10 @ 16.5438z
Retum loss: -101.312 d8

o8 21
Sttt e Min gain: 123552 d8 @ 16.6712MH

Teme Doman Reflectometry Max gan: -88.898 dB @ 19.5465MHz
Reference sweep

Set curtent as reference

Serlport control
Seralport (oMo ] | Rescan

Dscomnect Wanage

Fies .. Galbraton .
Diply setwp About Anabss

Figure 17. Measuring the load

Now the measurement can start. Figure 18 and Figure 19 show the same measurement
with NanoVNA and with ZVL.

AN12810

NanoVhy

Sweep control

start [ 1omiz] | conter [ 15wz
|| son [ zomiz] | span [ 1owz
|| segments 7] 1460uste
|

Sweep settings ..

1o0%
=
|| ks
[ — - 1] )
Marker 2 10MHz O
whes| @O
Hide data. Locked O

TR
Estimated cable length: 0.857 m

Teme Dorman Refiectometry

Reference sweep

Set curent as reference

Seral port control

seral port [CONG <] | Rescan
Dicomnect Manage
Fies . Gibraton .
Dsplay setup . About .

2020.03.26 154411 © T07 points)

1
Frequency: 13,5551 Mz 11457 1
Impedance: 2.014 +97.6.2 arael : 4.7296 k2
Seres: 20419 parall X: 1.1462 U

Frequency: 10.0000 iz
Impedance: 1683 471,12
Seresh: 168320

SeriesL: 11314 1
Paralel R: 3.0042 1
Parall X: 1.1321 1

SerisL:
Impedance: Paralel :
Seres k: Parael X:
s

Min VSWR: 88.027 © 10.0708MHz
Return loss: -0.197 d8

s21

Min gain: 118.993 48 @ 13.0593MHz
Max gan: -82.254 d8 © 19.8298MHz

Analst ..

511 smith Chart

1. Lant=1.15pH +j 2Q

Figure 18. Measurement of the antenna loop with NanoVNA
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Tre Smith Ref1U CalSmo 1
Mem2[Tre1] Smith Ref1U Invisible
S11
-1
Ch1 Start 10 MHz Pwr O dBm Stop 20 MHz
Date: 24.MAR.2020 16:17:02
1. Lant=1.16uH +j1.1Q
Figure 19. Measurement of antenna loop with ZVL

In both measurements, the inductance and series resistance can be directly read from
the marker.

4.2 Measuring the tuning impedance

The same comparison is done with the complete antenna tuning circuitry, as derived in
[71.

The Fig 20 shows the antenna tuning circuit with the simulation result in Fig 21.

The Fig 22 shows the S11 measurement result measured with the NanoVNA, the Fig

23 the same measured with the ZVL. The results both are good, i.e. the NanoVNA
demonstrates a good enough performance for the NFC antenna tuning.
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L ECHE

Figure 20. Antenna tuning circuit in RFSIM99

| seopr_|_2200F ggpr |

i+ 511
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Impedance
16.94R
+0.16R
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0.085
{562,375
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Graph Limit Setup  Tolerances  Tools  Options  Help
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1

File Graph Type
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Equivalent
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Figure 21. Smith chart of simulation result in RFSIM99
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anoVNA Saver 0221 (Sweep: NFC antenna tuning 2020-03-26 092514 @ 707 points)
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Figure 22. Measurement with NanoVNA
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Figure 23. Measurement with ZVL
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6 Legal information

6.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

6.2 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not

give any representations or warranties, expressed or implied, as to the
accuracy or completeness of such information and shall have no liability
for the consequences of use of such information. NXP Semiconductors
takes no responsibility for the content in this document if provided by an
information source outside of NXP Semiconductors. In no event shall NXP
Semiconductors be liable for any indirect, incidental, punitive, special or
consequential damages (including - without limitation - lost profits, lost
savings, business interruption, costs related to the removal or replacement
of any products or rework charges) whether or not such damages are based
on tort (including negligence), warranty, breach of contract or any other
legal theory. Notwithstanding any damages that customer might incur for
any reason whatsoever, NXP Semiconductors’ aggregate and cumulative
liability towards customer for the products described herein shall be limited
in accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’'s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes
no representation or warranty that such applications will be suitable

for the specified use without further testing or modification. Customers

are responsible for the design and operation of their applications and
products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications
and products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with
their applications and products. NXP Semiconductors does not accept any
liability related to any default, damage, costs or problem which is based
on any weakness or default in the customer’s applications or products, or
the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications
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and products using NXP Semiconductors products in order to avoid a
default of the applications and the products or of the application or use by
customer’s third party customer(s). NXP does not accept any liability in this
respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of
non-infringement, merchantability and fitness for a particular purpose. The
entire risk as to the quality, or arising out of the use or performance, of this
product remains with customer. In no event shall NXP Semiconductors, its
affiliates or their suppliers be liable to customer for any special, indirect,
consequential, punitive or incidental damages (including without limitation
damages for loss of business, business interruption, loss of use, loss of
data or information, and the like) arising out the use of or inability to use
the product, whether or not based on tort (including negligence), strict
liability, breach of contract, breach of warranty or any other theory, even if
advised of the possibility of such damages. Notwithstanding any damages
that customer might incur for any reason whatsoever (including without
limitation, all damages referenced above and all direct or general damages),
the entire liability of NXP Semiconductors, its affiliates and their suppliers
and customer’s exclusive remedy for all of the foregoing shall be limited to
actual damages incurred by customer based on reasonable reliance up to
the greater of the amount actually paid by customer for the product or five
dollars (US$5.00). The foregoing limitations, exclusions and disclaimers
shall apply to the maximum extent permitted by applicable law, even if any
remedy fails of its essential purpose.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Security — While NXP Semiconductors has implemented advanced
security features, all products may be subject to unidentified vulnerabilities.
Customers are responsible for the design and operation of their applications
and products to reduce the effect of these vulnerabilities on customer’s
applications and products, and NXP Semiconductors accepts no liability for
any vulnerability that is discovered. Customers should implement appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

6.3 Licenses

Purchase of NXP ICs with NFC technology

Purchase of an NXP Semiconductors IC that complies with one of the
Near Field Communication (NFC) standards ISO/IEC 18092 and ISO/
IEC 21481 does not convey an implied license under any patent right
infringed by implementation of any of those standards. Purchase of NXP
Semiconductors IC does not include a license to any NXP patent (or other
IP right) covering combinations of those products with other products,
whether hardware or software.

6.4 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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