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Design and implement NFC applications
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Product support package for NXP NFC readers
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Antenna design considerations for NXP NFC reader
solutions
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The NFC Cockpit - the complete design tool for engineers

Session IV, 31th October
NFC Reader Library - SW support for NFC frontend
solutions
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Agenda

Design and implement NFC applications

Session 2, 28th September
Antenna design considerations for NXP NFC reader solutions

» NFC antenna design support (e.g. PN5180)
» Theoretical fundamentals and antenna principles
» “Asymmetric” versus “symmetric” antenna design

» NFC antenna tuning for a “symmetric” antenna (DPC)
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NFC implementation process

Investigate, which NFC functionality you need for your application (e.g.
only read cards or write tags or exchange information with another

5

Evaluate the
functionality

Select IC

Evaluate Features

. 4

Prototyping

Test & Debug

Get Certified

PR Mobile .
Knowledge

device etc.)

Nobody gives you more options to choose from. Start with the specs

given in this brochure, then go online to get detailed parametric

searches.

Explore the possibilities with one of our development boards, then use
that same board to start prototyping.

Hardware

PCB design & antenna design

CONNECTED TAGS
Write your code for
your MCU using the
available code
example. Connect
additional memory
over 12C to your
controller enabling
e.g. firmware update.

Software

NFC FRONTENDS &
CONTROLLER WITH
CUSTOMIZABLE FW
Write your code for
your MCU using the
NFC Library
incorporating support
for all relevant cards
and phones.

NFC CONTROLLER
Write your code for
your MCU using the
available code
examples calling the
functions already
embedded in the FW
of the NFC controller

Standards-based design and support for the most popular
development tools make it easy to fine-tune performance, catch errors,

and fix bugs.

Our NFC solutions are designed to help you meet CE, FCC, and other
regional requirements, and make it easier to pass EMVCo certification.

L gckpitfor N gptend
* Possibility to re-use desi of NXP development kits

NXP support

Product selection app

Parametric search and product details on
nxp.com

Z-card with NFC Reader Portfolio

NFC Everywhere brochure, pp. X-Y

Full range of development kits for every NFC product,
partly coming with precompiled images
Compatibility with common single board computers
including Raspberry Pi, BeagleBone and Arduino
boards

NFC library
NFC cockpit
Sample code
App notes
Online training
Tutorials

Design files of demokits

* Development boards for X, Y, Z are pre-certified for
EMVCo
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NFC AN

ENNA DESIGN SUPPOR
(E.G. PN5180)
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Where to find NFC antenna tuning support material e.g. PN5180

N

| Probucts

Microcontrollers and
Processors

Discretes and Logic
Identification and Security
= Security Technology

= Secure Authentieation and
Ant-Counterfeit Technology

= Secure Car Access
= NFC and Reader ICs

= NFC Technology Hub
1 - )l e i

L TCOhAELiE TRy Tomnans

= Contact Smart Card Reader
ICs

= MIFARE SAMs for Reader
Systems
= HITAG Reader ICs
= MIFARE ICs

= Security Controller ICs.
= SmartLabel and Tag ICs
Interface and Connectivity
Media and Audio Processing
Power Management

RF

Sensors

Single Chip Modules
Automotive Products

Software and Tools

PRONLICT SFI FCTOR

APPLICATIONS SUPPOI

L Jordi ~  @English ~ =cCart

ALL ~ Q

AB

NXP > Identification and Security > NFC and ReaderICs > NFC Frontend Solutions B

NFC Frontend Solutions

Overview || Products

L Jordi ~  @English ~ "= cCart

ALL ~ Q

NG

I PRODUCTS APPLICATIONS SUPPORT ABOUT

NXP > ldentification and Security > NFC and ReaderICs NFC Frontend Solutions B<

PN5180: High-performance multi-protocol full NFC Forum-compliant frontend

— ]
| Overview H Documentation I Soﬂwale&TooIs|” Buy / Parametrics H Package / Quality H Training & Support |
-

Our standalone frontends, which work seamiessly with the NFC Reader Library, are the most flexible way to add NFC
to a system.

[=] NFG.franfands delivering full NFC Forum compliance
1 PN5180 I—‘ghfperfurmam:e multi-protocol full NFC Forum-compliant frontend

o
PN312 Full NFC Forum-compliant frontend

High-performance NFC frontends

NFC

All our frontend solutions reflect our active involvement with regulatory bodies, including the FCC, CE, Paypass, and
EMVCo, and build on our deep i o0 and envi quality.

4= NFC FRONTEND ------nooemoommoooeoo -

(( NFC  ___ Microcontroller
[S) 0 frontend with application

Features Target Applications
= Design-in is easier, since you don't have to deal with

extra operating modes you won't need

= POS and mPOS terminals for contactiess payment >
Smart manufacturing

Filter By | Show All
Reference Designs (1

Reference Designs (1)

Hardware Development Tools (1) Point of Sale (POS) Reader Solution
Point of Sale (POS} Reader Solution. The SLN-POS-RDR Point of Sale (POS)

Evaluation/Development Soards Reader Solution enables you to quickly agd a PCI@- and..

and Systems (1)

Software Development Tools (4)

Software (4) : Evaluation/Development Boards and Systems (1)

Filter Software & Tools by PN5180 NFC Frontend Development Kit for POS Terminal Applications
Keyword PN5180 NFC Frontend Development Kit for POS Terminal Applications.

1
\:| : ‘OM25180FDK is a flexible and easy to use frontend development kit for PN5180.
It
[

Software (4)

NFC Reader Library - Software support for NFC Frontend solutions
m: Feature complete software support library for NFC Frantend ICs. Designed to give
developers a faster and simpler way to deliver NFC-enabled products.

INFC Reader Library V4.030.00.001627 for PNEV5180B including all
software examples (REV 1.3)8

NFC Reader Library V4.030.00.001627 for PNEV5180B including all software
examples.

D ziIP (387 MB) SW3522 8/32016



Where to find NFC antenna tuning support material

PN5180 NFC Frontend Development Kit ’ x
OM25180FDK 1N ' ~— Contents

PR A = PNEV5180B board with 65x65mm antenna optimized for EMVCo applications
} PNEYSIOR bour with St = 30 mm x 50 mm antenna with matching components optimized for NFC applications
igié“s'mw.rmj’fw(}&f%g;rqcW,ng, = Three small antenna matching PCBs for custom antenna matching
= NFC sample card (NTAG216)

= 10 PN5180 IC samples (HVQFN package)

—— Features
= Quick evaluation of PN5180 NFC frontend IC.

= Connect a custom antennato PNEV5180 board

« Define and optimize the analog settings for any connected antenna
= Develop NFC applications based on the NFC Reader Library

— Ordering details

= Orderable part number: OM25180FDK
[ Samples ] = 12NC: 935307319699

For additional information please visit: www.nxp.com/demoboard/OM25180

Lot
Mobile °
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http://www.nxp.com/demoboard/om25180fdk.html

Where to find NFC antenna tuning support material e.g. PN5180
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NXP > Identification and Security > NFC and Reader ICs

NFC Frontend Solutions

OM25180FDK: PN5180 NFC Frontend Development Kit for POS Terminal
Applications v

B

Buy | Speci i

X Jordi ~ @ English ~
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I PRODUCTS APPLICATIONS SUPPORT ABOUT

NXP > Identification and Security » NFC and ReaderICs > NFC Frontend Solutions

OM25180FDK: PN5180 NFC Frontend Development Kit for POS Terminal
Applications «

B

.H-l_'_‘_lliﬂuyl“ ificati ‘

‘ Overview H D

Filter By | Show All
Application Notes (3)

Application Notes (3)

lameiDe: n ~ Modified Date

Users Guides (1) e |
Brochures (1) 1 PN5 180 Evaluation board quick start guide (REV 1.2} I“"\"”ZD16
I IAPDF (1.7 MB) AN11744 [English] I

Filter Documentation by

1
1 PN5180 Antenna design guide (REV 1.0) 124 Nov 2015

Keyword 1
1
: How to design an antenna with DPC (REV 1.0) J24 Nov2015
1 BFOF (5310kB) AN11741 [English] :
1

e o o
Users Guides (1)

~ Name/Description ~ Modified Date

PN5180 SW Quick start guide (REV 1.1) 03 Aug 2016
APDF {12 MB) UM10854 [English]
Brochures (1)
~ Name/Description ~ Modified Date
26 Nov 2015

PN5180 - The best full NFC frontend on the market (REV 1.0)

Filter By | Show All
Software Development Tools (3)

Software (3)

Software (3)

NFC Reader Library V4.030.00.001627 for PNEV5180B including all
software examples (REV 1.3) 8
NFC Reader Library V4.030.00.001627 for PNEV5180B including all software

Filter Software & Tools by examples,

Keyword

BzIP (387 MB) S 81312016

rstller package PNS160 NEC Cockpit23(Rev 1 1
Installer package PN5180 NFC Cockpit2.3

BzIP (8.4MB) Sw3524 4712016

[ e e e e
1

PN5180 Antenna design tools (REV 1.2) @ e

PN5180 Antenna design toals.

BzIP (1150kB)

ABOUT NXP RESOURCES FOLLOW US

Esperando a www.nxp.com... )

NEWS 13 Sep 2016 < >
Ditch the headphone jack with USB Type-C



HEORETICAL FUNDAMENTALS AND
NFC ANTENNA PRINCIPLES




Typical contactless reader architecture

Backend

System

Wt
11 Knowiedge

1B

Host/ uC Conctactless

___________ R

-

— Reader IC

'.I.'_'_'

re-

1 RFID card, NFC Tag,
R 4 D NFC phone, or any
other NFC object

Generic embedded

uController Ex: PN5180, PN7462, ! Analog matching 13MHz loop

PN71xx, CLRC663, ,...1 network Antenna
1

N



NFC antenna: Transformer principle

The vast majority of RFID systems operate according

PCD PICC to the principle of inductive coupling.

antenna coil antenna coil - Typical contactless smartcards contain no internal

// (D power supply. They need to get all their required

energy from the magnetic field in which they operate

The PCD transmitter coil generates an electromagnetic
field with a frequency of 13,56Mhz.

A small part of the emitted field penetrates the antenna
coil of the transponder, which is some distance away
from the reader coil.

\ - Avoltage U, is generated in the transponder’s antenna

x\\

’

S + I:> - by inductance. This voltage is rectified and serves as
) — UI the power supply
- A transformers-type coupling is created between the

I:> reader coil and the transponder coil.

Dat
= The PCD energy must be available to the PICC during
the entire transaction.

7
12 ‘k



NFC antenna: Transformer principle

[ FIELD STRENGTH ] [ WAVE SHAPES ]
— ) 1 4 —
— ::“IH j 1 ‘% i ‘;
—v ‘5 —
E— iy —
] T~ ——
-]
(-] -]
_/4—@—
PCD ==p PICC PCD == PICC
13.56 MHz Carrier MILLER coded DATA

PCD: Proximity Coupling Device (“reader*)
PICC: Proximity Integrated Circuit Card (“card")

13 Knowledge

[ LOAD MODULATION ]

*
PCD == P|CC

LOAD modulated DATA

[
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NFC antenna: Transformer principle

The coupling coefficient depends on:
- The geometric dimensions of both conductor loops.
- The position of the conductor loops in relation to each

other
- The maanetic properties of the medium (y,)

PICC

PCD
k antenna coil

antenna coil
¥ Y

/

] 0<k<l1

L I I'—z 16 H Ra k=1 total coupling
k =0 - full decoupling

\
\A '\ A
I! o + I:> |
U, x
r A

/ J, & ©
)
N,

2

k — HO ) 2\/(r2+x2)3 | \/L01°L02

Energy

Permeability Geometrical "Fixed"

constant quantity

TR
—

[
L
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Optimum antenna size (radius)

4.500

4.000

3.500

3.000
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14.0

16.0 18.0

20

> r/fcm]

- For every read range x of an NFC system,

there is an optimal antenna radius R.

- A rough approximation is that :

K = r? A,
HO 2\/(r2+x2)3 \/L01,L02

[
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Large antenna vs small antenna

Card C

Card A

16

s K/ [%]

20

18

\r=20m

14

r = radius = % diameter

Knowledge

20 30

4.0 5.0 6.0 7.0 g0 9.0 10.0 )(f[Cm]

Card A:
-PCDr=2cm=> x= 5.5cm
-PCDr=5cm 22x = 7.2cm

Card B:
-PCDr=2cm =22x = 2.8cm
-PCDr=5cm=> x= 1.8cm

Card C:
-PCDr=2cm =22x = 2.2cm
-PCDr=5cm > x~ -cm

[
L



Metal environment influences

Metal surfaces in the immediate vicinity of the reader
antenna have several negative effects.

Our reader antenna’s magnetic field generates eddy
currents in metallic surfaces.

These eddy currents produce a magnetic flow opposite
to that of the reader device

Eddy currents

17 Knowledge

Ferrites are basically poor electrical conductors but are
very good at propagating magnetic flux (mostly of iron
oxide Fe203)

The ferrite material “shields” the metal behind it.
It significantly reduces the generated eddy currents

A

A

7

Ferrite

[

L |



Shielding and environment impact

The figures show three different field strength characteristics over reading
distance x, for the same antenna coil:

- Free air coil (7.5 cm)
- Coil surrounded by a metal plate (5 cm)
- Coil surrounded by a metal plate shielded by a ferrite plate (7.5 cm)

We can achieve almost original operating distance using ferrite shielding.
However, the ferrite detunes the antenna and produces:

- Increased inductance
- Increased Q-factor
- Changed magnetic field distribution

Conclusion: The antenna must be suited to its environment

18

Knowledge

7.5 cm

N

%

Minimum field strength \7

Hmin=1.5 A/m

-+

1
6 4 2

S R A §

Minimum field strength

Hmin=1.5 A/m

P I

6 4 2

Minimum field strength

Hmin=1.5 A/m

<] |

6 4

ferrite plane

metal plane

Field strength
color map

Field strength
color map

Field strength
color map
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“ASYMMETRIC” VS “SYMMETRIC”
ANTENNA TUNING




NFC antenna tuning naming convention

“Asymmetric“ antenna design (e.g. CLRC663) “Symmetric* antenna design (new for e.g. PN5180)
Automatically limits the current and field strength under loading/detuning Provides more power transfer and better transfer function
Not optimum transfer function

Tre1 Smith Ref1U CalSmo 1 Trel Smith Ref1U CalSmo 1
S11 S11
Ch1 Center 13.56 MHz Pwr -10 dBm Span 12 MHz Ch1 Center 13.56 MHz Pwr -10 dBm Span 12 MHz

M bl
20 Iﬂérg)o\;d[edge ‘K



Typical load detuning effect in “asymmetrical”’ antenna tuning

- Smith Ref1U CalSmo 1 - Smith Ref1U CalSmo 1
- Smith Ref1U Smo =~ Smith Ref1U Smo

3.560000 MHz 13138 Q

1 13560000 MHz 50918 Q
12761 Q

j11953 Q

05 2, 140.30 nH . 919.74 pF
ASQDQR0 MHz  18.965 s MHz 18965 0

w 2271 22711 Q

/ ‘ 5.168 nF \ 5168 nF

oo}

1 MHz Pwr 0dBm Stop 20 MHz 1 MHz Pwr 0dBm Stop 20 MHz

Fig. Loading with Reference PICC Fig. Loading with smartphone (metal)

The load increases - I, and field strength is reduced The load decreases, but I, does not exceed the limit

AL
2 1 wr?g#leedg'e



Typical load detuning effect in “symmetrical” antenna tuning

“ Smith Ref1U CalSmo 1
S Smith Ref1U Smo
&7 2
, '. ,\ﬂ\a MHz

/ N

'/

, ”'\

O‘i 02 b 0.5 1 2 5. \\‘

Y | T "‘70

2
T g
13.56 MHz Pwr 0dBm Span 15 MHz

Fig. Loading with Reference PICC

The load decreases—> Increases power and Iy,

Iypp & field strength may exceed the limit !!!

o te
2 2 wr? gvllleed é,e

S Smith Ref1U CalSmo 1
© Smith Ref1U Smo

13.56 MHz Pwr 0dBm Span 15 MHz

Fig. Loading with smartphone (metal)

‘ Solution: Dynamic Power Control



“Asymmetrical” vs “symmetrical” small antenna tuning w.o. DPC

Fig. EMVCo “asymmetrical and “symmetrical” tunings with small antenna Behavior at short distance

10
\ Maximum limit including margin

Asymmetric antenna delivers enough field strength at

9 1 close distance

[

Symmetric anntena at close distance (= strong coupling)
the detuning to a lower impedance

b causes higher ITVDD.

> causes higher field strength.

> might kill the reader IC.

» might exceed ISO and EMVCo limits.

Behavior at long distance

Voltage @ EMVCo RefPICC [V]
(o]

5
2 Asymmetric antenna does not deliver enough field

4 strength at large distance

5 %] . . ~
Ty > Symmetric antenna at long operating distance (= low
including margin coupling) the improved transfer function

2 allows a higher Q-factor in the antenna coil circuit.

0 1 2 3 4 5 2 improves the Tx shaping (options).

improves the power transfer (RF field).
improves the Rx filtering, i.e. the “Rx sensitivity”.

VVYVYY

Operating distance [cm]

—@— "Symmetrical' —@—"Asymmetrical"

Lo te,
23 wr?g\;ulrfedg'e M



“Asymmetrical” vs “symmetrical” small antenna tuning with DPC

Fig. EMVCo “asymmetrical and “symmetrical” tunings with small antenna

10 ) S . Behavior at long distance
Maximum limit including margin
9 Symmetric antenna at long operating distance (= low
coupling) the improved transfer function
S 8 1 » allows a higher Q-factor in the antenna coil circuit.
8 » improves the Tx shaping (options).
% 7 » improves the power transfer (RF field).
Eg > improves the Rx filtering, i.e. the “Rx sensitivity”.
S e ‘
=
uJ L
S s /‘ﬁ“\u\
o 2
g 9 ‘\i/ @ ¢ Behavior at short distance
S 4 “ |
o Symmetric antenna at close distance (= strong coupling)
with DPC delivers enough field strength but not too much
3 Minimum limit due to the DPC regulation
including margin 2 » controls (and limits) the ITVDD.
2 » controls (and limits) the field strength.
0 1 2 3 4 5
. . b protects the reader IC.
Operating distance [cm] .
b ensures to keep the ISO and EMVCo limits.
A

—@— "Symmetrical" —@— "Asymmetrical"

o te
24 wr?g\;ulrfedg',e M



NFC ANTENNA TUNING PROCEDURE
(E.G. SYMMETRIC ANTENNA FOR DPC)




NFC antenna tuning procedure

Define target impedance and Q factor
To optimize RF output power or battery life

| Antenna + matching circuit = resonance circuit

Solder new matching circuit and test

Receiver circuit Procedure is exactly the same
Tune reader sensitivity for “asymmetric and “symmetric” antenna tuning
26 bl x

EMC filter design

Filtering of unwanted harmonics
Measure antenna coil — Recewer

Determine LCR values of the antenna coill
Calculate matching components

Using provided excel sheet NFC Reader IC l

(e.g. PN5180)

Assembly and measurement - -

Physically test the impedance calculated _

- - EMC Matching

n Adapt simulation Circuit

Correct antenna coil measure L |
Correction and re-assembly Antenna




Antenna tuning with PNEV5180B board

- NFC antenna section can be easily separated from the main board

— o

éc
O
e

Matching
PN5180 E.MC network
filter A
circuit
. |
-, |

o te
2 7 wr? g\;ulrfed é,e



Antenna tuning with PNEV5180B board

@
Q
©
(]
e

Design: GRK, July 2015
Production: July 2015 |

PNEV5180B board Antenna matching PCB 70x50mm PCB antenna
(included in OM25180CDK kit) (included in OM25180CDK Kit) (Choose your own)

[
L

28



STEP 1.
DEFINE TARGET IMPEDANCE AND
Q-FACTOR




Define target impedance

30

We need to adjust the target impedance the
NFC reader IC “sees” according to the
performance we want to achieve.

ITVDD

—~ -

- Maximum output power

For PN5180 I, < 250mA

___________________________

1
- Minimum current consumption (battery life) TX1 i
The target impedance is chosen so that the : EMC
highest possible output power does not exceed PN5180 VA : " t+h.
the maximum driver current (datasheet). . L i ;r%u'ir:g

< "
1
1

80 Q) for PN5180

Minimum current
Consumption (Battery life)

Maximum output power
(Operating distance)

Mobile -
Knowledge

Antenna

| Radiated

1 energy

A

P

E

___________________________

(1) This diagram only covers the Tx part

Load
(e.g Metal,
PICC)

The load detunes the

antenna

Different load detuning effect depending

on “symmetric” or “asymmetric” antenna tuning

Our example:
Z =20



Define Q-factor

A high Q factor leads to high current in the antenna coil
and thus improves the power transmission to the
transponder f

B=2L
Q

In contrast, the transmission bandwidth of the antenna
is inversely proportional to the Q factor.

The quality factor of the antenna is calculated with:
W La
Qa - R

a

If the calculated @, is higher than the target value, an
external damping resistor (R, ) has to be added.

The value of (each side of the antenna) is calculated
by:

w-La
- A low bandwidth, caused by an excessively high Q R, = 0.5< 0 )
factor, can therefore significantly reduce the
modulation sideband received from the transponder.
RQ
— 7 Xy
s Q<f-T
T e
Q < 13.56MHz - 3us 53 Antenna
T=0.81us Q <30
e.g.: ISO/IEC 14443-A @ 106Kbps 1 2
Our example!!! Rq

31

Q ~ 28

[
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STEP 2:
MEASURE ANTENNA COIL




Step 2: Antenna coil characterization

33

Knowledge

| Antenna + matching circuit = resonance circuit |

NFC
Reader IC
(e.g. PN5180)

EMC
filter

Matching
Circuit

This step

* This circuit only covers the TX part

—

Antenna coil

[
L



How to measure antenna coill

- The antenna loop has to be connected to an impedance High-end network analyzer (i.e. Rohde & Schwarz ZVL)

or network analyzer at 13.56 MHz to measure the series - Powerful, accurate and easy to use
equivalent components

La Low-end network analyzer (i.e. miniVNA PRO)

- Cheap, accurate enough and easy to use

Fig. Antenna series equivalent circuit

Inductance (L): mainly defined by the number of turns of the
antenna

Resistance (R): mainly defined by the diameter and length of the
antenna wires

Capacitance (C): mainly defined by the distance of antenna wires
from each other and number of turns

[
L
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Measuring antenna coil with miniVNA Pro

4 vna/J - calibration for [Reflection) [

Open Short Load

43987, 30
. Ps 147hH%,80
! ¥s 41437,10
Swr 2621,8:1
I, JE ’ Mag 0,999

read SHORT read LOAD

ead OREN Connect the 0 Ohm load to the Connect the 50 Ohm standard to
eave DUl and U open. DUT connector. the DUT connector.
Mode1 ® Mode 2
Start frequency (...| Stop frequency (.|  #5teps #0verscans #of Overscans |1
100.000 999,999 4000 1= || scatioration steps 000
1.000.000 9.999.999 1000 1
10,000,000 20,999,999 10000 1
30000000 200.000.000 10000 1>
Help Cancel

Job 0/1/1 - 100% completed

"

miniVNA

mini RADIO SOLUTIONS

Start 10.000.000H=
Stop 19.983. 682H=




Measuring antenna coil with miniVNA Pro

vilr,wna/] - calibration for [Reflection]

Open Short

read SHORT
=

read OPEN

Leave DUT and DET open. DUT connector.

Help

Job 07171 - 1003 completed

Connect the 0 Ohm load to the

Model
Start frequency (.| Stop frequency (.. #Steps #(0verscans
100.000 999.999 4000 1
1.000.000 9.999.999 4000 1
10.000.000 29.999.999 10000 1
30.000.000 200.000.000 10000 1

Load

read LOAD

Connect the 50 Ohm standard to
the DUT connector.

® Mode2
#of Overscans |1

Fcalibration steps | 2,000

Cancel

2.8.6f @ DLZsSBA 201

Swr Infinity:
Hag 1,001

10.000.000H=

 Start

Stop 1%.983. 682H=



Measuring antenna coil with miniVNA Pro

vilk _vna/l - calibration for [Reflection 32 2 B 6 f @ DL 2 SBD - H 13 . 5 5 9 . 9 5 OH =
Open Short Load - - - 64 r 94[13
. - - RP -112,01°
B w . . z 50,00
. - - Es 50,00
- Xs -0,10
. 0 . oo - Swr 1,0:1
o = a - - Mag 0,001
. read SHORT read LOAD -
read OPEN Connectthe 0 Ohm load to the Connect the 50 Ohm standard to
Leave DUT and DET open. DUT connector. the DUT connector.
Model ® Mode 2
Start frequency (.| Stop frequency (.. £5teps #0verscans #of Overscans |1
100.000 999.999 4000 1|~ #calibration steps [2.000
1.000.000 9.999.999 4000 1
10.000.000 20.999.099 10000 1
30.000.000 200.000.000 10000 1=
Help Cancel Save Update

Job 071/1 - 100% completed

Start 10.000.000H=
Stop 19,983, 682H=




Measuring antenna coil with miniVNA Pro

Antenna coil
38

[
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Measuring antenna coil with miniVNA Pro

1:  13.558.645Hz
RL -0,09dB

10.000. 000Kz
29.987.085Hz

2w -13.56MHz

Lq

L =608 nH Good enough!

N\

Not very accurate, but will be
Reoi # 0.7 Q adapted later...

In reality R is typically less than

measured here.

DN

.
p

We don‘t know.
Coa®0,1pF  |et's start with a good guess.

VAN




STEP 3:
EMC FILTER DESIGN




Step 3: EMC filter design

41

| Antenna + matching circuit = resonance circuit |

Reader IC
(e.g. PN5180)

NFC |

This step
EMC Matching
filter Circuit

* This circuit only covers the TX part

Done

—

Antenna coil

[
L



EMC filter design for “asymmetric” antenna tuning

- The EMC is a low pass filter reducing 2" and higher
harmonics and performs impedance transformation

NFC
Reader IC
(e.g. PN5180)
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Tx1 Lo
e
Co
TVSS
GND
1 C,
Tx2 Lo
e
EMC Filter

- A convenient cutoff frequency ( fc) is between:

f.=145MHz ... 22 MHz

- We begin specifying , this range of values has proven to

be very useful in practice:

L,=330nH ... 560 nH

« With fcand LO, we can easily calculate CO :

1 1
VG, L, = CO:(Z-n-fc)Z-LO

Example: fc =21 MHz and L0 =470 nH:

C,=1222pF == (, = 68pF
Co, = 56 pF

Cc

[
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EMC filter design for “symmetric” antenna tuning

- The EMC is a low pass filter reducing 2" and higher
harmonics and performs impedance transformation

Tx1 Lo
e e
Co
NFC TVSS
Reader IC
.g. PN5180 !
(e.g ) GND
1 C,
Tx2 Lo
—— -
EMC Filter

M bl
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- A convenient cutoff frequency ( fc) is lower:

f.=145MHz ... 147 MHz

- We begin specifying LO , the value should be lower than

measured La. Better performance as closer to this value.

L
Ly SLa/z Ly~ a/z

« With fcand LO, we can easily calculate CO :

1 1
VG, L, = C°=(2-n-fc)2-L0

Example: fc= 14,6 MHz and L0 = 470 nH:

C,=2528pF == C,, = 220pF
Cy, = 30 pF

C

DPC calibration and correlation test required

PR {



EMC filter design for “symmetric” antenna tuning

. Default PCB EMC values:
- Ly =470 nH; C, = 220 pF; f .o = 15.65 MHz

- Symmetrical impedance rules:
- L, <L2—“ = 470nH < 608nH /2
- f ~14,6MHz = C, = 252.8 pF

- Changes required
- Add a 33pF in paralel to the EMC filter

TSI To fulfil requirements a 33pF capacitor is needed!
Tz 21 DR

\
44 Knowledge ‘
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EMC filter design for “symmetric” antenna tuning

Add 2 capacitors €y, = 33 pF

<
, D
[
-
fa
|
(x]
0
Ly
(5°
o
-
»
9

Design: GRK, July 2015
1S
3&2};’?&.“,‘ Production: July 2015

M

PNEV5180B board (included in OM25180CDK Kkit) Antenna matching PCB

(included in
45 OM25180CDK kit)
Knowledge

[
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STEP 4:
CALCULATE MATCHING
COMPONENTS




Step 4: Calculate matching components

47

| Antenna + matching circuit = resonance circuit |

Knowledge

NFC
Reader IC
(e.g. PN5180)

Done This step
EMC Matching
filter Circuit

* This circuit only covers the TX part

Done

—

Antenna coil

[
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Calculate matching components

Measured: L

INPUT VALUES

- Antenna coil measured
/ estimated values (L,

To be defined:

C‘ R Target impedance
& a) feme cutoft
- Q-factor
Calculated: Qa 74
- fEMC Result: Rs 0,58 Ohm

- Target impedance
(Zmatch).

- L, of EMC filter

Lo
CO0 calculated

307 Ohm
102 Ohm

Result: 30,6 pF

4177 oF

OUTPUT VALUES
- Rg,Cy Cyand C,

Cc2

Red field is output

real: 14,595 MHz

=R.
=Llo
253 pF
=Cy
=Cp +Cx2

(" Rean \
Antenna coil
‘» measure L, R¢, and C, @ 13.56 MHz
Practical approach: i
* We measure L and R (and estimate C,).
Antenna Coil
>t 0 G BN ( Ra )
e | 1 ]
e, len | e
T T |lL
o o Len e -
:sz -L" T | IC' T T e
\ EMC Filter J \__ Matching /\Antenna Coil )

Step 2: Simulate

( Step 1: Set path of RFSIM99 ]

wey
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Simulate with RFSIM99 tool 1) Enter the path for 2) Start
' RFSIM99 simulation

. » TESTSW » RFSim29 » = | ¥s [l Search RFSIm99

Share with

Organize Include in library + New folder

¢ Favorites : Brample Files
|| DEISREG.ISR
4 Libraries %] ISREG32.DLL
|| Delsllisu
1M Computer || NXP-NFC-PCD-Antenna.cct
_ RFSim99.cfg
€l Network | RFSim88.cnt
(5 RFSIm99. exe
@ Rfzimag.hip
[57Spurii.exe

l 11 items

49 [ Step 1: Set path of RFSIMS99 | [ Step 2: Simulate




Simulate with RFSIM99

won
@rww """"""" |
700K | es280F aoltpr - _L#7eoF ossR | |
Sl N S IS 1 LS IS
e b Loor These are not real commercial values.
SN Y SN VVAN I
S -2 e B S S B
______________________ o T

L

SO0R
Il Y e B
9 o _L25ToF | 27pF L 3s00r _[ o7pF 1R
e I T 0R )
] 3 %or 1R e Add components in parallel and set actual
J. l T values to be assembled
608nH
_I_mor 7!"!;] 3%0pF _| 27pF F{%}-]
470nH 27'9 1?,
Q=30 @30MHz

Q mode=1 SRF»2S0MHz

RFSim99: simple freeware simulation tool

M bl
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http://www.electroschematics.com/835/rfsim99-download/

Simulate with

RFSIM99

) RFSIm99 - C:\L ktop\TEST NFC-PCD-A AFSIm8 - CAUsershrxa32401 Deskio, FSimag, NFC-PCO-fntenna.cct = B%
File Edit Component Dra lyse_Tools Options Help |

¢ P -5

el SRS #ANE D B AFeco@m mo 2i P © AuoMaich

L3 50R
1 It i
. ! s Lostor - |ohk L soopr 128
+ w Q=30 @30MHzr" a A
Q'modex1 SRF2501HZ
[og 3.3pF 12R
L coonH
o7 390pF
5 1R
o 128
" Y msouy
Tmode=1 SRF-2501HZ

g
#
@

51

8

BOR
Impedance
| 12.92R
§0.03R
Admittance

0.055
+j79.32u5

Stat: [10MHz 500 points Stop:
1=13.85MHz ®043 ®-17391Dey »

0 — J|

Z =19.92 Ohm

[



STEP 5:
ASSEMBLY AND MEASUREMENT




Matching components assembly
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Design: GRK, July 2015
Production: July 2015

Mobile -
Knowledge

v
-

[
(%)
-

[~
<
(&)
w
&

o
]

Ce4d

Ry

Cy
EMC cCc,— C,
Filter
| Matching
= Ca %ll: Circuit Cs

o il
e L

e
)
j— Antenna
1

C013// C014
C015// C016

C027 // C024
C035// C036

R0O03 // R22
R0O09 // R23

PR {



MatChlng :'5['”4::(::::::::::::::::IK::::::::::::::::::::::::::::::::Y::::::::::::::::
components e b o |
assembly RS TN T Ly ffiEf“ﬁffiE“EEEEEEEELEJIE;;:;;: om

_____________________ | e ] R g

= sn @ |

Mobile -
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Matching components assembly

Mobile
55 Kno\l«dlledge

Measurement
between Tx1
and Tx2

[

L |



Antenna tuning measurement

500 points

Sy [10%

365MHz *043

fIDeg v

56

wna/J3 3.1.7

Ref=50.040.0i

start
Stop

10.000. 000Kz
29.987.085Kz

[



STEP 6:
ADAPT SIMULATION




Adapt simulation

- Measured / estimated L,, R, and C,antenna parameters are imprecise.

- Tune R,and C, parameters until the simulation looks like the reality.

-+ R,=07Q = R,=025Q
. C,=01pF = C,=23pF

58

[

L |



Fine tune matching components and simulate again

- Update C, L, R,
- Fine tune C,, C,, R to achieve target impedance again. Use available values.

ol NBRE #ANBYNRE

ol 0L
5 T AR e u, T T = E

of b Sl el e L__,; JJ

] . Tl

| il 2B, o e S 4 I Y
" ¥

2 :

F

o)

6}

Z=20Q

59
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STEP 7:
CORRECTION AND RE-ASSEMBLY




T e Ll Lo AT Lo Lawr e

oy |
""" C.&f0nH - o e s SR IR
..... CL@=B0@30MHz, | LM
..... ..Qmude=15RF=25DMHz.....I.........................................

(@S J —t

\ :‘ S‘.’B‘ "J 8 &
R

" r. 2 S lﬂw‘ ﬁ'- "‘;"

..... em . barl A Matchlng board L
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Final antenna tuning measurement results

vna/) - Smith-chart main windor

vna/y 3.1.7 DL2SBA 2015 558. 645Kz
7,59d8

vna/y 3.1.7 DL2SBA 2015 13.558. 6451z
RL  -8,14dB

10.000. 000Kz
Re£=50.040.0i 29.987.085Kz

Start  10.000.000Hz
Re£=50.040.0i Stop  29.987.085Mz
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STEP 8:
RECEIVER CIRCUIT




Recelver circuit

64

Antenna + matching circuit = resonance circuit

Receiver

Circuit This step
NFC Reader IC
(e.g. PN5180)
v || Matnno
Antenna
Done

[

L |



Recelver circuit

ANT1

RXpf

X1 -

NFCC

TX2| -

RXnj

ANT2 -

65

e
DRrx
_4.__'%,, b
L ¢ Ry
EMC C,— c.‘i
Fiiter | T Antenna L]
L] e |
i il
Lo c Ry
—
[ DRrx
——

Goal: the voltage level at RX,, and RX, pins must be
high enough to achieve a good sensitivity, but must not
exceed the given limit.

Recommended circuit has a resistor and a capacitor in
series. Typically the serial resistor R, is in the range of
1...10kQ.

Start with 4.7k value and adjust sensitivity reading/writing
AGC_VALUE register.

[

L |



Receiver circuit

66

Mobile -
Knowledge

Rrx

Crx

ANT1
Crx
0
Rix
™ it ‘
Lo C J_ B
EMC  C.== c
NFCC Fiter : T Antenna
Tvss fe y
l Matching
l Cursult 4 LlL
Co Cz—l—
Ty [}
TX2| 1 4“; =
|
RX A |—
ANT2

R0O06
R0O15

C306
C321




DETUNING EFFEC
UNDER LOADING CONDITIONS




Antenna loading & detuning

Start  10.000.000Hz
© Ref=50.0+0.0i stop 29.987.085Hz

Webinar session

18/10/2016




Antenna loading & detuning

Mag

Start  10.000.000Hz
C©  Ref=50.0+0.0i Stop  29.987.085Hz

Webinar session

18/10/2016




WRAP UP




Summary of NFC antenna design steps

Matching Steps:

Target impedance and Q-factor=20...80 Q (PN5180), Q<30
Design EMC Filter (L, and C;) -> fgyc = 14.6MHz

Measure antenna coil (L,, R, and C,)

Calculate start values (C,, C,, Rg using Excelsheet)
Assemble & measure

Adapt RFSIM99 simulation to meet reality (R, and C,)
Correct matching in simulation (C, and C,)

Assemble & measure

Assemble R, standard values

© ©® N o 0 A~ 0w D PRE

Done.

==
o
og.
T
=5
a
)
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Coming sessions

Design and implement NFC applications

Session |, 7th September
Product support package for NXP NFC readers

Session Il, 28th September
Antenna design considerations for NXP NFC reader
solutions

Session lll, 18th October
The NFC Cockpit - the complete design tool for engineers

Session IV, 31th October
NFC Reader Library - SW support for NFC frontend
solutions

)


https://attendee.gotowebinar.com/rt/2329750067403618817
https://attendee.gotowebinar.com/rt/282682617345186049
https://attendee.gotowebinar.com/rt/4665515186055692545
https://attendee.gotowebinar.com/rt/7151741873899128067

MobileKnowledge

Software development in Android and iOS MIFARE applications

Embedded software for MCUs End-to-end systems, readers and card-related designs
JCOP, Java Card operating Systems EMVco applications

Hardware design and development Readers, cards, design for test compliancy (including PCI)
Digital, analog, sensor acquisition, power management Secure Element management

Wireless communications WiFi, ZigBee, Bluetooth, BLE GlobalPlatform compliant backend solutions

Contactless antenna RF design, evaluation and testing Secure services provisioning OTA, TSM services

MobileKnowledge
Roc Boronat 117, P3M3
08018 Barcelona
(Spain)

contactless revolution

Get in touch with us

MOBILE
WORLD CAPITAL.
BARCELONA
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https://www.google.es/maps/place/MobileKnowledge/@41.402408,2.1926513,17z/data=!3m1!4b1!4m2!3m1!1s0x12a4a33d3b71de05:0xcb1b84b268066826
https://www.google.es/maps/place/MobileKnowledge/@41.402408,2.1926513,17z/data=!3m1!4b1!4m2!3m1!1s0x12a4a33d3b71de05:0xcb1b84b268066826
http://www.themobileknowledge.com/
mailto:mk@themobileknowledge.com

Design and implement NFC applications

Jordi Jofre (Speaker)
Angela Gemio (Host)

Please remember to fill out our (pop-up)

Check your email for and on-demand addresses

Please check NXP and MobileKnowledge websites for
and

Mo L.:'I :‘. -
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http://www.themobileknowledge.com/content/knowledge-catalog-0
http://www.themobileknowledge.com/content/knowledge-catalog-0

