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1 Introduction

The NFC Antenna Design tool supports the antenna coil synthesis based on some basic input parameters and
calculates the matching circuit for:

* NXP NFC Reader ICs: PN7462/PN7362/PN7360, PN5180, PN5190, CLRC663/MFRC630/SLRC610,
CLRC663 plus, PN7120, PN7150, PN7160, PN7642 and PN7220.

* NXP NFC Tag ICs: NTAG I2C Plus, NTAG213F, SLIX 2, NTAG 5 Link and NTAG 5 Boost.

Check the details of the antenna design in each IC application note for specific considerations. Refer to
Section 4 for references.

The scope of the document is limited to the tool usage and does not cover NFC antenna design. For information
on NFC antenna design, refer to Section 4.
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2 Application overview

The tool consists of three parts:

* Dielectric and Reader/Tag selector
* Antenna geometry and calculation
* Reader/Tag tuning calculation

Figure 1 shows the NFC Reader Antenna and tuning calculation part.

Readers
1. Dielectric and Reader NFC Antenna Tool

2. Coil geometry and
Calculation

Dielectric to use:

FR4CL4 v Length (amax) 53 mm Inductance (Lant) 950 nH
1 Lant min nH
Choose reader/tag Reader v Width (bmax) 2 mm 8%
Lant max n82 nH
Choose tag. e o Track width (w) 250 Hm
Capacitance (Cant) 16 PF
Choose reader. on7160 . (G;)p between tracks 300 pm Resistance (Rant) 136 Q

Self resonance (Fres)

itional 3 129
SELECT ) ( CLEAN FIELDS Additional Overlap 0 mm’
Area (A)

Track Thickness 5 pm
3. Reader tuning Calculation Number of Turns (N) 5
Q 20

160 nH 1360 Lur Turn exponent (E) 166

Target p a NFCIC o
impedance PCB Thickness 150 mm
fEMC cut off 2 MHz
Lo 160 nH

[ Check the box if you want to use the autocalculated value for the PN7462/PN7360 or PN5180

Rs 136 Q Errors | Warnings
o s08  PF /
c2 958 PF

Figure 1. NFC Antenna Design Tool Interface - NFC Readers
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Figure 2 shows the NFC Tag Antenna and tuning calculation part.

1. Dielectric and Tag
selector

Dielectric to use:
Choose reader/tag
Choose tag

Choose reader:

SELECT ) ((CLEAN FIELDS.

NFC Antenna Tool

FR4CL4
Tag
NTAG 12C plus

- Select -

DOWNLOAD DATA

Length (amax)
Width (bmax)
Track width (w)
Gap between tracks

9;

Additional Overlap
Area (A)

Track Thickness

3. Tag tuning Calculation

NFC TAG IC OPTIONAL ANTENNA COIL
MATCHING

CALCULATE

Inductance needed
no matching
capacitor

NFC TAGIC

Errors | Warnings

Number of Turns (N)

Turn exponent (E)

nH
2689 PCB Thickness

250

300

166

159

43

2. Coil geometry and

Calculation
mm Inductance (Lant)
Lant min
mm
Lant max
pm
Capacitance (Cant)
um Resistance (Rant)
mm? Self resonance (Fres)
pm
mm

nH

nH

nH

pF

ANTENNA COIL

Figure 2. NFC Antenna Design Tool Interface - NFC Tag
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3 Using NFC Antenna Design Tool

Step 1 - Run Online NFC Antenna Design Tool

* Go to NFC Antenna Design Hub page on NXP website.
* Go to the Downloads section.
* Click DOWNLOAD icon to run the tool (Figure 3).

MO  NFC Antenna Design Hub

Overview  Software Details Documentation  Training  Support
Features

* Enter antenna coil input parameters for Antenna Synthesis

« Calculate the matching circuit for the following NXP NFC Reader ICs: PN7462/PN7362/PN7360, PN5180, PN5190, CLRC663/MFRC630/SLRCE10,
CLRC863 plus, PN7120, PN7150, PN7160, PN7642 and PN7220

¢ Calculate the matching circuit for the following NXP NFC Tag ICs: NTAG I12C Plus, NTAG213F, SLIX 2, NTAG 5 Link and NTAG 5 Boost

Supported Devices

[ Expand All

> RFID

Downloads

® nxp (1) Y Filter by keyword

1download
FILTER BY

. HMI DESIGN SOFTWARE
Design Software

O HMiDesign Software Online NFC Antenna Design Tool —> R u n t h e to o I

EXE Revl Sep6,2021 1KB ONLINE-NFC-ANTENNA-DESIGN-TOOL

Figure 3. Run Online NFC Antenna Design Tool
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Step 2 - Define the input parameters.

¢ Select the dielectric: choose between FR4 substrate, Flex material, and Air.
» Select one of the available NXP NFC Reader/Tag ICs in the list. The tool provides NXP recommended input
values for each IC. You can modify the values can at any time.

NFC Antenna Tool

Dielectric to use:

FR4 CL4 v
Choose reader/tag: Reader o
Choose tag: - Select - o
Choose reader: PNT7180 o

(SELECT) (CLEAN FIELDS)

Figure 4. NFC Antenna Tool - Dielectric and Reader selection
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Step 3 - Define the antenna coil parameters.

NXP already provided a default value that can be modified. The input for the antenna coil parameter fields must
be a positive number. The tool does not accept any other character. To fill the antenna coil input parameters,
follow the recommendations for each NXP NFC Reader IC.

 Set all the parameters.
* Click ANTENNA SYNTHESIS icon.

Readers
Length (amax) 53 mm Inductance (Lant) Unit: nH nH
Lant min Unit: nH
Width (bmax) -~ mm nit: nk
ECNAL IRIx Unit: nK .
Track width (w) 250 pm
Capacitance (Cant) Unit: pF pF
Gap between tracks m i
P 300 H Resistance (Rant) Unit: O Q
(9)
. Self resonance (Fres . MHz
Additional Overlap 0 mm? (Fres) Unit: Mt
Area (A)
Track Thickness 35 pm
Number of Turns (N) 3
Turn exponent (E) 166
PCB Thickness 159 mm
Er 43
( RESET )( ANTENNA SYNTHESIS )
Figure 5. Antenna coil parameters
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Step 4 - Check the calculated parameters.
Figure 6 shows the results of the coil parameters calculation (Antenna Synthesis).

* Inductance (Lant)
— Lant min (represents the border positions depending on corner rounding)
— Land max (represents the border positions depending on corner rounding)
* Overall capacitance (Cant)
* Overall resistance (Rant)
 Self-resonance frequency (fres)

Readers
Length (amax) 53 mm Inductance (Lant) 959 nH
Lant min nH
width (bmax) 26 mm 898
Lant max 1182 nH
Track width (w) 250 pm
Capacitance (Cant) 16 pF
Gap between tracks 300 pm Resistance (Rant) 136 Q
(9)
. Self F MH
Additional Overlap 0 mm? elfresonance (Fres) 129 ‘
Area (A)
Track Thickness 35 pmMm
Number of Turns (N) 3
Turn exponent (E) 166
PCB Thickness 159 mm
Er 43
Figure 6. Results of Antenna Synthesis
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Step 5 - Get NFC Reader tuning values.
The tool provides NXP recommended input values for each IC. You can modify the values at any time.

* Select the checkbox to get LO recommended value for PN7462/PN7360 and the PN5180.
* Or, do not select the checkbox and enter a value for LO.
¢ Click MATCHING NETWORK icon.

impedance
fEMC cut off MHz
EMC FILTER MATCHING ANTENNA COIL

[JCheck the box if you want to use the autocalculated value for the PN7462/PN7360 or PN5180

Rs Unit | Q Errors [ Warnings
c Unit: | PF 4
c2 unit: | PF
Figure 7. NFC Reader tuning calculation
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Step 6 - Check NFC Reader tuning values.
Figure 8 shows the tuning values for NFC Reader.

Q 20
:rarget 20 Q
impedance
fEMC cut off 29 MHz
EMC FILTER MATCHING ANTENNA COIL
LO 160 nH

[JCheck the box if you want to use the autocalculated value for the PN7462/PN7360 or PN5180

Rs 136 Q Errors [ Warnings
cl gog  PF y
e 1958  PF

Figure 8. Matching Network values for NFC Reader tuning
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Step 7 - Check for errors or warnings.

Figure 9 shows the example of fEMC cut-off frequency set too low.

Q 20
Target 20 - NFC IC
impedance
fEMC cut off 10 MHz
EMC FILTER MATCHING ANTENNA COIL
L0 160 nH

[JCheck the box if you want to use the autocalculated value for the PN7462/PN7360 or PN5180

Rs 136 Q Errors [ Warnings

co 158311 PF The fEMC cut off might be to low.
c 2496  PF y
. 77.9 PF

Figure 9. Example of error or warning
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Step 8 - Download your data.
* Click the DOWNLOAD DATA icon to download your data in PDF format.

Readers
Length (amax) 53 mm Inductance (Lant) 950 nH
Lant min nH
Width (bmax) 2% mm 898
Lant max n82 nH
Track width (w) pm
250 .
Capacitance (Cant) 16 pF
Gap between tracks 300 Hm Resistance (Rant) 136 Q
(9)
. Self resonance (Fres MH
Additional Overlap 0 mm? ' (Fres) 129 z
Area (A)
Track Thickness 35 pm
Number of Turns (N) 3
Turn exponent (E) 166
PCB Thickness 159 mm
Er 43
Figure 10. Download your data
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4 References

* NFC Reader ICs:
— PN7462
— PN7362
— PN5180
- PN5190
- PN7120
— PN7150
— PN7160
— PN7220
— SLRC610 Plus
— CLRC663 plus
* NFC Tag ICs:
— NTAG 12C Plus
- NTAG213F
—SLIX2
— NTAG 5 Link
— NTAG 5 Boost
* Antenna design Gguides:
— PN7462 family Antenna design guide
— CLRC663, MFRC630, MFRC631, SLRC610 Antenna Design Guide
— PN5190 antenna design guide
— PN7150 Antenna Design and Matching Guide
— PN7160 antenna design and matching guide
— PN7120 Antenna Design and Matching Guide
— NTAG Antenna Design Guide
— Antenna design guide for NTAG 5 link and NTAG 5 switch
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5 Appendix

Lists of parameters and abbreviations.

Table 1. Antenna synthesis input parameters

Parameter

Description

Length (amax)

The total length of the rectangular antenna coil. The antenna coil outlines are defined by length (amax)
and width (bmax). The antenna coil size defines the operating distance. A typical length value is 50 ...
100 mm.

Width (bmax)

The total width of the rectangular antenna coil. The antenna coil outlines are defined by length (amax)
and width (bmax). The antenna coil size defines the operating distance. A typical width value is 50 ...
100 mm.

Track width (w)

The track width of the antenna coil traces. The tracks should not be too narrow to avoid too high losses.
On the other side, wider tracks shrink the average antenna area, which reduces the performance. A
reasonable track width is 500 um.

Gap between

The distance between the antenna coil traces. This gap should not be too small to avoid a too low self-

overlap area (A)

tracks (g) resonance frequency. On the other side, wider gaps shrink the average antenna area, which reduces
the performance. A reasonable gap width is 500 um.
Additional The additional area, where additional traces cover the antenna coil traces using the other layer, e.g. if

additional traces cross the antenna coil traces. Such additional overlap area then slightly changes the

overall antenna behavior.

Note:

* The “normal” overlap area, which is caused by the bridge from the inner trace to the outside (or vice
versa) is automatically taken into account. If no additional traces are crossing the antenna traces, this
value is 0.

* A too large additional overlap area will reduce the performance of the antenna.

Track thickness

The thickness of the copper layer of a PCB. A typical value is 35 ym.

Number of
turns (N)

The number of turns should be adjusted in a way that a target inductance of the antenna coil about 1 yH

is achieved. Smaller antennas have more turns than larger ones. A typical antenna of 65 mm x 65 mm

has 2 turns.

Note:

» Too many (resp. too less) turns increase (resp. decreases) the inductance too much, which causes
some weird tuning parameters.

» Too many turns can cause a low average area as well as a low self-resonance frequency.

e The inductance of the antenna coil directly impacts the minimum EMC filter inductance for some NXP
NFC Reader ICs.

Turn Exponent

(E)

The turn exponent defines the influence of additional turns. It depends on some environmental
influences as well as the corner rounding. Typical values are 1.6 ... 1.7. The Antenna tool shows a
minimum and a maximum value of the estimated inductance, which indicates the possible variation, e.g.
depending on corner rounding.

Note:

e Extra metal influence is not taken into account at all.

» The final inductance of the antenna coil as well as the tuning itself must be measured anyway to
adjust the tuning.

PCB Thickness

The PCB thickness influences the antenna coil via the (normal and additional) overlap area.

Epsilon r (&r)

The relative dielectric constant of the PCB. A typical value of FR4 material is 4.3.
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Table 1. Antenna synthesis input parameters...continued

capacitance
(Cant)

Parameter Description
Inductance The result of the antenna coil synthesis, based on the input fields. The target should be a value around
(Lant) 1 pH. This value is taken as input to calculate the tuning.

Note:

* This synthesis is based on a simple model, and any extra metal influence is not taken into account at
all. So, the real value might vary a bit, especially depending on the antenna environment. Especially
metal environment close to the antenna coil might decrease the inductance value.

» The final inductance of the antenna coil as well as the tuning itself must be measured anyway to
adjust the tuning.

Overall The result of the capacitance of the antenna coil, estimated based on the input fields. This capacitance

should be as low as possible. The capacitance value might be higher than calculated, since the antenna
synthesis does not take any additional traces into account and assumes an ideal environment. This
capacitance value is taken as input to calculate the tuning.

Overall
resistance
(Rant)

The losses of the antenna coil, given as resistance value. This loss is taken as input to calculate the
tuning, and it must be low enough to allow a damping resistor (Rs) > 0 to achieve a realistic tuning. The
resistance value in reality might be higher than calculated, since the antenna synthesis does not take
any additional traces in to account. Additional connection losses or losses due to metal environment are
ignored in this calculation.

Self-resonance
frequency (fres)

The self-resonance frequency is just shown as a reference value. The lower this value, the more critical
the tuning might become. In any case it must be >30 MHz to allow a proper and stable tuning. A typical
theoretical value is above 100 MHz.

Table 2. Antenna tuning input parameters

Parameter Description

NXP NFC Based on the NXP NFC Reader IC choice some basic antenna tuning input parameters are set

Reader IC automatically: Q, Target impedance, and cut-off frequency. Any of the values can be manually modified,

choice if needed.

Q-factor (Q) The antenna g-factor (requirement) depends on the type of tuning and might vary a lot. Typical values
are 15...25, when an NXP NFC Reader IC is chosen. It might be helpful to slightly modify this value a bit
to achieve a reasonable value (E-series!) for the damping resistor Rs.

Example: The tool might calculate Rs = 0.94 Q, based on Q = 25. Then it makes sense to change the Q
=24togetRs=1Q.

Target The target impedance defines the RF power. The typical, nominal value is chosen automatically

impedance together with the NXP NFC Reader IC. A higher impedance (to reduce the power consumption) can

always be chosen, but that normally reduces the performance, too.

fEMC cut off

The cut-off frequency of the EMC filter defines the type of tuning (“asymmetrical” or “symmetrical”
tuning). The choice of an NXP NFC Reader IC automatically defines this frequency. In any case, this
frequency should be in the range of 14.5 ... 21 MHz.

LO The EMC filter inductor value. This value can be determined automatically in combination with the used
NFC Reader IC and the antenna synthesis, if the checkbox is selected: In case of a DPC tuning the
minimum recommended value for the L0 is calculated automatically. It might make sense to manually
set this value to the next available real inductor value (E-series!).

Example: The Antenna tool calculates 386 nH, and the real choice might be 390 nH.
This inductor is a critical component in the overall tuning. It must be able to drive the full power level
without saturation effects, and it must provide the highest possible Q-factor.
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Table 3. Antenna tuning results for Readers

Parameter

Description

Rs

The damping resistor reduces the Q-factor to the required value. This is important to ensure the
required bandwidth. It is important to choose a resistor, which can survive the proper power level. It
might make sense to place two resistors (double the resistance value) in parallel to cover the required
power level.

Cco

The CO defines the cut-off frequency (in combination with LO). Together with LO it must be placed as
close to the NXP NFC Reader IC as possible to keep the radiation of unwanted harmonics as low as
possible. It might make sense to provide two capacitors in parallel for each CO to be able to achieve the
required value. Consider the voltage rating!

C1

The serial capacitance should not get < 15 ... 20 pF, otherwise the overall performance might be
reduced. The tolerances must be considered! It might make sense to provide two capacitors for each C1
in parallel to be able to achieve the required value. Consider the voltage rating!

C2

The parallel capacitance normally is in the range of > 100 pF. The overall tuning gets unreliable, if
the C2 < 50 pF. The tolerances must be taken into consideration! It might make sense to provide two
capacitors for each C2 in parallel to be able to achieve the required value. Consider the voltage rating!

Table 4. Antenna tuning results for Tags

Parameter Description

C Parallel tuning capacitance

Inductance needed no matching capacitor This value indicates the antenna inductance value for which
the tuning capacitor is not required. The tuning is done with
the help of the IC internal capacitance. If the inductance
value is higher than this value, the NFC Tag cannot be
properly tuned.
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Table 5. Revision history

Document ID

Release date

Description

UM11232 v.2

8 February 2024

* Added NFC Readers: PN7160, PN7220.

* Added NFC Tags: NTAG 12C Plus, NTAG213F, SLIX 2, NTAG 5

Link and NTAG 5 Boost.
» Section 2 "Application overview": updated.

» Section 3 "Using NFC Antenna Design Tool": updated.

» Section 4 "References": updated.

UM11232 v.1

3 June 2019

« Initial version
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Definitions

Draft — A draft status on a document indicates that 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 in a draft version of a document and shall have no
liability for the consequences of use of such information.

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

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at https://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

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.

Suitability for use in non-automotive qualified products — Unless

this document expressly states that this specific NXP Semiconductors
product is automotive qualified, the product is not suitable for automotive
use. It is neither qualified nor tested in accordance with automotive testing
or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive
equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without NXP Semiconductors’ warranty
of the product for such automotive applications, use and specifications, and
(b) whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

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

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

NXP B.V. — NXP B.V. is not an operating company and it does not distribute
or sell products.

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.
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